[ DESCRI PTION] [Title of Invention] METHOD FOR MANUFACTURI NG GLASS
BLANK FOR MAGNETI C DI SK, METHOD FOR MANUFACTURI NG (LASS SUBSTRATE FOR
MAGNETI C DI SK, GLASS BLANK FOR MAGNETI C DI SK, G.ASS SUBSTRATE FOR
MAGNETI C DI SK AND MAGNETI C DI SK [ Techni cal Field] [0001] The
presenﬂDE&GKHﬂHON]relates to a nethod for manufacturing a glass blank
for Pﬁﬁ di sk, _.a nmethod for manufacturing a glass substrate for
magnet | atigp 1%“’3%?1 Wlass blank for magnetic disk, a glass substrate for

magnet {\@%ﬁk ir? F”cgﬁ A %TI?R%SLA&%‘"%@W @f%ﬁzfdoleﬁﬁ%?bml«; METHOD FOR

Recent evi ce I'S 1 NCOrpora n-a person

conput RMIANUFACIVRING @it a$S \GUBSIRATE DFOR) MA@GNE@_I(L‘IQ)EHJ@?GEABS BDANK FOR
order to record data. Particularly, in the hard disk device used in

an appMAENETIGEHSKsGLAS ST BEERATE SO N GNENEU DI KIradR MAGNETIC DISK
portabtfiﬁ%,lﬁrqg?netic disk in which a nagnetic |ayer is provided on
a gl ass SUHST A8l i s used, and magnetic recording information is
record r read froma nagnetic |ayer using a nmagnetic head (DFH
(Dynantc Hying Height) head) that is slightly floated on a surface

of the magneThe prtsak iBuriiian aelaths gb assiehvd o alafuiastusitp taaglhys BISEH f@Smagnetic
the substrate for magnetic di sk because the gl ass substrate hardly

pl ast i é&ky a}/ntféhqﬁr f?é@l@gf@mmreealaﬁ&)msmafm megesiiystishatoegloss bl fon magnetic
bst tic head | ud
For ex il 62175 SHaGH 1 mBBrs i et PBERTs Bifent | but such a -

nmagnet f@,¢ ﬁ&ﬂn@pytcause a thermal asperity trouble as its specific
trouble T hermal asperity trouble is a trouble in which when a

magnet [@0Rkad passes over a nicro- irregul arly-shaped surface of a
magnetic disk while floating and flying, a magnetic resistance effect

el enent is hBstesHY:py hag disk dievice d S5 raﬁpraﬁarate(slntna%ﬂve@pnaduqomwéazisqrnngVD

ar eadgﬁlg{t?l; a?r!_etw% rDisr;TE ec%%!(ﬂhg 3?}%{&9? irf D&t rr%l T c CL atd.p & art Ou%rgfcgl R’ie hard disk

gl ass I'S prepare

proper H8ss uSHC I as iﬂﬂ;@rﬁw fiageay ﬂ&égH@@§&)I@Péﬂ‘s$ﬁa@tdb%§§1tero$aséd1%n ortability, a
principal face of the glass substrate are at a satisfactory Ieve?

[ 0004] magnetic difls i whichy emagontad layet Foproisled manu ibiss sulishrgteals sisecétand magnetic

gl ass bl ank), a vertjcal dire press nmethod i s known.
press %P%i‘éﬁ infomnAHop Ho deSPRASHHPl 520 5 pIAgBFi Ry wuae ﬁgn%lathhead (DFH

(Dynamic Flying Height) head) that is slightly floated on a surface of the magnetic disk surface. A
glass substrate is suitably used as the substrate for magnetic disk because the glass substrate hardly
plastically deformed as compared to a metallic substrate (aluminum substrate) and the like.

[0003]

The magnetic head includes, for example, a magnetic resistance effect element, but such a
magnetic head may cause a thermal asperity trouble as its specific trouble. The thermal asperity
trouble is a trouble in which when a magnetic head passes over a micro-irregularly-shaped surface
of a magnetic disk while floating and flying, a magnetic resistance effect element is heated by
adiabatic compression or contact of air, causing a read error. Thus, for avoiding the thermal
asperity trouble, the glass substrate for magnetic disk is prepared such that surface properties, such
as the surface roughness and flatness, of the principal face of the glass substrate are at a satisfactory
level.

[0004]
As a conventional method for manufacturing a sheet glass (glass blank), a vertical direct

press method 1s known. This press method is a method in which a lump of molten glass is fed
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onto a lower die, and the lunp of nolten glass (nolten glass lump) is
press-fornmed using an upper die (see PLT 1). Furthernore, there is

known a horizontal direct press nethod for sandwi ching a falling

nolten glass in the horizontal direction to press-formthe sane (see

PLT 2, oRp@ lowerdis) and Bod%hp of molten stass (ooltanegiassdnmb) matrbssefofioed using an upper
manuf act ur i | ass,,substrate for magnetjc djsk, a nmethod is known
' whi 8 GEoPHE LY i ibere e fhewyis kpodd ol A Preh mpdsfor sangiching o
subj ecfaqelqln% z(ﬂoﬁgﬁ"g%s' iA%hd K BbARM birecliBf ¢ 2 ori%hd §£{?§ ﬁ@@f’%’f g, G 4 etc).
treatnent Tor refeasing a strain (Internal strain) generated within’a

gl ass pic@sk by hol ding the press-forned glass blank for a

predetermned tinme period at a tenperature which is no |ower than a
strain poi nt AagdopeentipgHencthedfpranapuiastuiringanzlpss sohstprds far niapgytiq diske a method

ct' ai nisob g eL et e ok LETRE AP MGG mihe” MONGR: s RS i subjeced to
\Ii: tsg(r):l ?%l?égf?ﬁ% g%%gi%ni[ |S:o %Q%ﬂhﬁ%ﬁ%‘%?éﬁgﬁ%t tisI Q%&ﬁtmegf‘fdriréltei]gsi% g%@%ﬁl (inteNrgal strain)
panese raten al open FuUupll1 catl on .

1999- 2g&k2dted RTthirRh plap bimkdPadléing tRelpldss-airimed dimss MR A frB¥dterBlined time
) apanefagriol?iaetlteangemli)aeira(g&rg eavehri]chP%ilsblloi ﬁ)%/teir ?hr;xnl\;os'tra%? gc?l-ntz ggd? I?l(? higher than a glass transition

point (Tg) (see PLT 3). The strain point is a temperature at which the internal strain of glass

disappears in several hours, and at which the viscosity of glass is about 10"*dPa-s.
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[Summary of Invention]

[Technical Problem]

[0007]

However, the known vertical direct press method has the problem that the surface waviness
of a glass blank prepared is bad. The reason for this is as follows.

In the vertical direct press method, when press forming of a molten glass lump is started,
an upper die and a lower die come into contact with each other, so that the molten glass lump is
cooled to be solidified. At this time, heat of the molten glass lump is easily confined at the central
portion of the press forming surface of each of the upper die and the lower die due to the existence
of the molten glass around the central portion. On the other hand, heat of the molten glass lump is

easily diffused at the circumferential edge portion of the press forming surface of each of the upper

die and the lower die for the reason that an area of the press forming surface which comes into
2



[ Summary of Invention] [Technical Problenm [0007] However, the
known vertical direct press nmethod has the problemthat the surface

wavi ness of a glass bl ank prepared is bad. The reason for this is as

fol |l ows. In the vertical direct press nmethod, when press

form n@oréactawmh@ ér#pi@n@%@s kuieltivel ydarge campargd to Bisesenaaleposiien heregfand for the
di e cone 0, con t hat.

h | |
s ool Bt BR TG P Faschor R o A& o, B8t oquinby ot WP B Aiign #7Rs when

lunp i gheRasd s}ﬁaﬁé)&fth@%h%ﬁ rabelscrﬁ)mésa{ct&pﬁﬁa ﬁer&&etahﬁﬁefeﬁéémft%gb@ere in the
surface of each of the upper di e and | ower die due to

exi st epsss Gfrmirngpesuniab¢ sringkasd danmglpxﬂ:ss fmemngnt tacordargly, an uné?rentﬂeet deformation
ot her hand, heat of the nolten glass |unp is easily diffused at the
ci r curt Bl EexpansRgLissRERisH 161thet HessgPERBEPBRse il riRgIress dorgrng se fhapthe glass

the up %'r%aa?e@i A& QE 1%\%@% 19 s@rfa(c% %\hl?es% gﬁﬁ‘%#ﬂl@%hﬁf@%% ﬁl%l I't% at (Ileqf rmation of

press ace conmes ’in ass

is rel a{d pfeésyfohaingeuﬁeém@rsﬁ@bet@aﬂsf& cdeNtThabfopQrthé Qifdcher8afess @ﬂfﬁe foPiss blank
the reason that some outer edge portions of dies do not cone into

cont acts détetiorated. nbhe &nogh dwsizewtelndirdve poess enctbdthpes alfo tsheilargiroledams described
gl ass |€ not restricted, and therefore a difference in tenperature in

t he pré%¥'% orm ng surface is increased duri ng press form ng.

Accor di (ﬂgg?l an uneven heat deformation (thermal expansion) is

genera n the press formng surface during press formng so that

the gl ass bl Bokpgpforpatigeshnbalingaicatent@fficetly, 5wrgca@cele/mieﬂeﬁgstr@ftmbﬁtepparams
principal face as the heat deformation of the press formng surface

is s hapfeteﬂwaﬁrs%f diurtber, whiee tleg gmealinghiseaiiientae eevfomiate s stays int Wblcblteewmperature

bl ank i t erj,or,at ed he known horlz nt al |rect t ho

ol o0 SR A RSB et ol By ot Map et e be Bk BhSR B Ml 05 HRytes.
anneal 'tl@&n{eh?ﬁﬁl@%?tabﬁtfj Rl ?Z‘B&lﬂ's 1&6%@1(‘&9&&@& (RRRRH: 'f&ge}E\Fa?iﬁF rﬁ?é]femperature
apparatus i s required. Further, he anneal i ng treat nent

per f or methe seasitpmieg and tnehtnedmt fdreldvenqs;ﬂmgtfm thefstairgpaists Blcaoldingly, seten a glass

at around a strain point should be maintained for about 15 mnutes. A
t r eat nmEvstrpten{or gpagisbedisk isomapufpgiured bs redeming dhg Arlcaing dreptment. parge-scale

for el %%lﬁ})fngg% anﬁ%@%@%{ grtel%gcﬁlntea oht% tm£ gyctl%mcgstmﬁgﬁ—le & agg‘tglg)gs%ate f8r magnetic

sl ow coO rom rain ccor

subst r gise ILI@r inoRANAL | TheieSrel $t [Biﬂféfféifﬁéduﬁﬁ@ tﬁ’é/ aﬁﬁéafh'ﬁ% Mr&@mEMeis not performed
anneal ing treatnent, |arge- scal e equi pnent and nuch tinme are

requi rekdl,erwerpdsaiolmanuf acture costs of the glass substrate for

magnetic disk are |ncr ased Therefore, it is %referred t hat .t he

anneal i ng t r &4tehglagssd ﬁ‘E}%WHE@PdFWEH‘I WP $7BFra(50 SWFipE gress forming iy gbjpcted to
a gl as I e r

S Erh AN |l PSP LORL DGR B! AL ORI e i
gl ass lkrAked s tied Resed, st ist eReagddass thitaRK flatheskedOeBHas8 bladkeis deteriorated.
internal strain is released, so that the flatness of the glass blank

i s det &ot orampel. wikpra glﬂ@rﬁpihlek isyphrens- famg&da@sthbﬂ thaflatrespisdsemfoodese ds shjected to
t hat thef .atness i jected to apnealin

L oat meffenippderngnate Raoftar §F s iR e Sines Crsh B g rs e fuer than 4
TRy De AR intdR st Bnbos {ho M bRk aifif bR RIRIAS INh{E0liPRSequired
bl ank during press tormng. IS case, S required to per

gri ndi ngpgfanesgriidnemoues té badurd fheat the alhmle&Sofolﬁe tlas tQhdsis 4hlrﬁiﬂk1els§ 4
pmor |less. [0009] In heat assisted nmagnetic recordi ng (HAVR)

for whil@#9t udi es” have been conduct ed in recent years as a magnetic

recordi ng tegh ue .f.or |ncr aS|n nsi.t. magneti c

o Yt PRl LBl fisREE ettt PHARER CERS it Shicled B BRES kidugged in
ordereql Rh WGk th ak p&d tdBni éf?)‘%'u{b%é 368 Eengik h disk,
substra%e“l §;I-itce\ares fo?gr{eorm nr&ﬁ%e LI1 0 order élglngtrtﬁgeure} 3?f&ﬁme%nc?rgnn?tlr‘lsg 158

t r eat memgnemdRyeracomipphed eﬁpéamﬂmageetma/llcrydmm@a bl balerecdrmtmaturag formed on the
principal face of a glass substrate. Here, for forming the L10 ordered structure, film forming

treatment under a high-temperature environment and/or annealing treatment after the film forming
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treatnment are required. The tenperature at this tine may be a high
tenperature close to the strain point of glass. At this time, if the
internal strain remains in the glass blank as a base of the gl ass
substrate, the internal strain of the glass substrate is rel eased

under #ediinght are ngpurad.ur Eheteuipemtvme rat thihHtime ey e abigh sempdratubecigdeas ghe strain
substratee i s deteriorated as_in the case of the anneal| treatnen%
descri YAt Ghyo¥: ééﬂﬂlﬁélﬁn%ﬁﬁ@f’r‘%?@abgﬁﬁ%ﬁr%’&%mc R8s hiagk s a base of the glass

requir D t ) -
reane: R0 O AR SASE5 g gy anfOSE S e et AR, HRBHERL o Qimen
pref er bl pheof@ndsbalf the glae uliBatatd &ddbesadtednasaingthdsais®dlodinke iafnddMihg Rreatment
the internal strain is small or does not remain. [0010] The

first déecabed dloverse thatevesiatd prronmange dagnatengst avdementaist $noek §ages.

manuf acturing, a gl ass bl ank .for neti c. di.sk, ich ig .capabl e. of :
e P e TR Ao i A ) RRCAGRL magnei
wavi ne r JRihe : ;
bt Tt R o R PR o S R e e el strain
i nvent isamallsortdoepn@vereleina met hod for manufacturing a glass blank for

magneti c di sk and a nethod for manufacturing a glass substrate for
magnet [@18] sk, which are capabl e of reducing an internal strain

wi t hout perf I.N nn ing treatnent, .and _a gl ass pl for .

mgnet c di sine g PR e RrabE h TR o R b ik hefhad I igpruring o glass
di sk. baakybi RRoARicRIQDvath [O&bdble of produckigoMalabebMhRWRCIAEnetic disk having a
descri bed above, the first viewpoint of the présent invention is a

met hod gbat swdavef wotingss rhy pregd &smidg, ank & orthwdgive manuthicsitingwhigtaes substrate for
i ncludes a formng process of press-formng a lunp of nolten gl ass

usi ng H1388%4C K- dies to obtain a sheet glass material, wherein in the
form ng proc iffer e ] t.ure in: ]

i RB% s B LS P P ol EPELEUR PN PR L PLDE
wavi nesgnRffor € @iskHndSSmBMbE FdraharuFaReiR a Rs3AbEIRALE Forl iRSEhetic disk, which
[ 0012] The second viewpoint of the present invention is a
met hod afecyapaiie of redbcing ag izteghbgwitbvahkutiperiomeigs annelidg skeatnwint, @hd a glass blank

i ncludes a for.m.n rocess of press-forp.n | unp .of,. nolten gl ass
usi ng AOTgResnets SRGLEIRs PBrite B Searioiseddimariode diskher oi n in ¢ he
f or m ngs NLRGESPro ERFS formng is perforned using thermally

equal i zing neans for reducing a difference in tenperature in the

press f@ining surface of the die during pressing of the nolten gl ass.
"Difference in tenperature in the press formng surface" nmeans a o
difference i Ao vigvpoint istesoiled sboventhealirshaiaTRontarfothe present invention is a
crr Cunfn?el%l‘?o%t fo%lmz%% T n%llgtall ?g hss Ela%k%me ma]:gxgétice&(xgl(rrpvlsfl%bh includes a forming process of

surface of t e sur nﬂ%cmnngagkms

press-forming a lump of molten glass using a pair of dies to obtain a sheet glass material, wherein in
the forming process, a difference in temperature in a press forming surface of the die is controlled
(adjusted) so that the surface waviness of the sheet glass material is equal to 30 nm or less.

[0012]

The second viewpoint of the present invention is a method for manufacturing a glass blank
for magnetic disk, which includes a forming process of press-forming a lump of molten glass using
a patr of dies to form a sheet glass material, wherein in the forming process, press forming is
performed using thermally equalizing means for reducing a difference in temperature in the press
forming surface of the die during pressing of the molten glass.

“Difference in temperature in the press forming surface” means a difference in temperature

between a central portion and circumferential edge portion of a die, for example.
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[ 0013] In the nmethod for manufacturing a glass blank for
magneti c di sk, preferably the thermally equalizing neans may reduce a
difference in tenperature in the press form ng surface by

heat - exhausti ng and/ or heating the press form ng surface. [0014]

In the[MdBhod for manufacturing a glass blank for magnetic disk, the

thermal |y equali zi ans be a heat .sink. [0015] .. h

rothoa 1 or - it st g e e e ARSI B sk, pretiiebRede Termatty
si nk algalViN r : 0

he. pr Sheh7isR AEAC O oy BETITACRR In QbR i HEE ERORikhd Surface by
manuf ab¢diekhgusang hisdsr datink tHeqressdgindhg surticek, the heat sink may be

provi ded so that amount of heat exhausted froma central portion of

the nol%8Al gl ass is larger than that fromthe circunferential edge

portion of the,nolten glass during the press.formng. ..[.0017 ..
"o the met holt PEERLRsET Tt e i MR P HeT R togpany gaualicing
the for¥hAOmBY BEERSat sldke falling lunp of nolten glass may be

press-forned using the pair of dies froma direction orthogonal to

t he fal0dlag direction. [0018] In the nmethod for manufacturing
a glass blank for magnetic disk, in the form ng process, press

fornming may Betiseprpdder sgnplgiripge glasigdamnt frenegmetindish dishqas pinkngay be
surfacgQfadath & ake Hfarfd e birRERBHANE R prdd SoRAHE surk 210

[0016]

In the method for manufacturing a glass blank for magnetic disk, the heat sink may be
provided so that amount of heat exhausted from a central portion of the molten glass is larger than
that from the circumferential edge portion of the molten glass during the press forming.

[0017]

In the method for manufacturing a glass blank for magnetic disk, in the forming process,
the falling lump of molten glass may be press-formed using the pair of dies from a direction
orthogonal to the falling direction.

[0018]

In the method for manufacturing a glass blank for magnetic disk, in the forming process,
press forming may be performed so that the temperature of the press forming surface of the pair of
dies is substantially the same.

[0019]

In the method for manufacturing a glass blank for magnetic disk, the thermal expansion
coefficient at 100°C to 300°C of a glass blank obtained after press forming may be in a range of 30
to 100 x 107(K™).

[0020]

In the method for manufacturing a glass blank for magnetic disk, surface roughness of the

press forming surface of the die is substantially uniform throughout the surface.
[0021}
The third viewpoint of the present invention may be a method for manufacturing a glass

substrate for magnetic disk, wherein a glass blank for magnetic disk may be subjected to polishing
5



In the nmethod for manufacturing a glass blank for nmagnetic disk, the

t hermal expansion coefficient at 100C to 300C of a gl ass bl ank

obt ai ned after press formng may be in a range of 30 to 100 x

10- 7(10. [0020% ) I'n the nethod for manufacturing a glass blank

f or mapieeessinedhaykng suechiage plhuvpngesd Bf pmher fasede m@ugdcnge suelassc subpfrate for

the die is substantial,l i formthroughout the surface. [002

The ¢ nPEERIReqt: i obtotendliskebBhe TROBHE IS gy dhe FoRkrHEgrPy) method for
manuf aglHifa09riAe 91818 bBHR R RlScfiQiseRgnet i ¢ di sk, wherein a gl ass

bl ank for nagne%lc di sk may be subjected to polishing processing

havi ng[@®@2hi ni ng al | owance of 50 pn or less to manufacture a gl ass
substrate for magnetic disk, the glass blank being manufactured with

t he above- defis ifQEH ot 1odr theamigieat inkentign as g Bethop| fghmangfacturing a glass

magnet Etﬁ)sg’ﬁt% l%t}r 1%9 ila d]i%c wherel sz g]ta];soé{lrbgtrr]atg Ifoer

oint. of. the present .
invention s a ne%%% P UABRNUT act Uri ng a g §§%¥§% §¥¥3Fgfﬁ iuctured using

nmagnet j Cgidss bolanth €6€irRaghelt agisk,S WS ¢ SthiAhedTagNehd CbdlSKed®BYed nethod for

manuf act ured using a glass blank for nmagnetic di'sk, which is obtained

by t hemabuofaetudes ergldsedlank férodagnetic dekuf act uri ng a gl ass bl ank for
nagnetbﬁ)gisk. [ 0023] Wth reference to the second object of

the pr 2 i nvention, the present inventors have intensively

conduct ed stydhe I | Y. ksed f ]

mothod, - That L -TeferBlR DARLTEARN obiccEBE TR PR OR HRBE R pRlpBh Wventors have
accor diniéhsively tinguesd eailiveind rasuManily 86kadd Hhdef brely REGidPhB@6d.I SThat is, in a
enpl oyed in which a falling nolten glass Iung‘is press-fornmed using a

pai r ofmefiodsfof preawéactusmegrd glgstplask ageqrdmged ths asbadimenice hoaigontalt dicgct press
in a directi.on orizontal direction rthogonal to the fallin :

i r ot PBITOGHS FREISHEY TR0 Gh adaTAg s ieh atioh BTN PH s Ta™eh g featdios (pross
met hod g i d Jﬁ%s)tatﬂ%ngéﬁ WELh eRleaMf ?tﬁ&xciﬂla fie g&{ (nl”B{'igélﬁalrmlteQ{‘?&R ortBEeonal to the
nolten glass lunp 1S not tenporarily retained 1h contact wth a

menber fdikwg directidneop eteairisiten | ghaverlutipan Id hied hofizdrat dirdct @hesglrastiod, Uiflike the

in the period during which it is press-fornmed. Thus, at the tine ) )
poi nt FeRveaiiena vertisal diectgiresssmebodi thg melten glageimp frengy ewpsrarily retained in

distrihution.of the.interior. of the lte l,ass.l,u econes ver .
i de et fLe bRRErhRGhE R i Phnst TPt Bl WETPe IR RSt ! the period
short, dining RIGORVIEHreQIBImMET T8 atdihe Gfhe ROSE SMRIUNAy UehBE Srést Brming is
di fference between a period during which an upper die contacts a |unp

of nol serted)|tbssisarsdy digpenitod oftlrd interinh bf theandlteneylasdilenp bedoaots yeey Widepluring
of nolten gl ass,. sjnce the upper die goes downwardly to press the .

mol t en PESHEEMRE the Y%IPC%iﬁléfemrF%ﬁn%}h%g s Ingheyrtan fetonyentipaal vapasal direct press

As a T eail da vl oML RS I;et\%eni[ %@ergﬁgitu@gg %@&S%II er Iﬂ\{%i c%Htagt(g qtlﬁll%%}sai; molten

the |ower die 1n advance 1s c00 _ ones N VISCOSity.

the ot Bris hand peAbd Uheng Wiechof 1dWe2 %8¢ Béhtadt) @ IRP T nitdfeh st HBcaMbtBPer die
glass lunp is not cooled, and therefore the viscosity of the upper

part i so¢solownComdladuerass the meltdnsglaisfifig afier the medteh glass Jomrhéamtagtsathadpwer die.

th |t I I . _F , toth descr.i bed :
above, A T EpEs BRAEPrPh b SR Palg: aBEy P SAGIPRHE BBHPeail naienes i
or csst S re RRgiOasy AR b ABchB] N CRanebuly AR MRS AL AMAE P par of

press et hadient glesselhingp i bt fdoeledN @Bd GhereRdre efe | Wscosiny Iofdtihéf@peﬂgﬁrt is low.
between tinme when a right die contacts a lunp of nolten glass an

time whensqaeatlyyitds doficde tesunifemly Hpnlyrdrag (themolemglss huvp. t Hartheinaze, due to

gl ass lt}yen&rr{esre go%sfegg‘ibvgdta%obé,sa ditrRfence 1tny tepn%lerrgig.lrg occurs between the upper and lower

dies when pressing, and the flatness of a glass blank obtained after pressing is then deteriorated.
In contrast, in the horizontal direct press method, there is no difference or extremely small
difference between time when a right die contacts a lump of molten glass and time when left die

contacts the Jump of molten glass, and the molten glass lump is pressed with its viscosity being
6



uniform Accordingly, in the horizontal direct press nethod, it is
extrenely easy to uniformy thinly draw the nolten glass lunp to be
press-formed as conpared to the vertical direct press nethod.
Consequently, as conpared to the case where a glass blank is prepared

usi ng thidonter tAatdiniily.eiat thpri@sigomrel Bioctt préssitethad, rieiekyready c¢hgy to uniformly
drastical ly suppress deterioration of the flatness when a glass bl ank

is prepailgdiagyi tﬁg meienhgassz trafo Be meess-fpmeessasreqmpated o oirgyertigal direct press
addi tion,, t.he_present.inventors e arrived at t ol lowing . .
1 na ngetot CBhEREB L B FARGH Sy BEE oSS o last Bk 3 wRieB ppingthe verica
pr epar gfledt %_résgpdéﬂ%ﬁg ithY exidridy 3adJObi FRBEAlY Qipp%§ JRERSSELREPAE 48lc8Owhen a
a pair of dies. Here, even when the horizontal direct press nethod iIs
used, plastblodik & predateiusgigass hbtimtd] slirectgirésg noadindd. ned in a central

portion of the press formng surface of a die during press formng,

so t hat'%8i t en gl ass present at the central portion is hardly cool ed.

On the ot her ;N £t . I i s.easily diffused

at a circunf Ienregfr?]iﬂ iR %gttfées el[l)t&r %ﬂgﬁjs%l%@ﬁ %Le&%?aétéggﬁ)gro ?‘r/in%ﬁ%dl}%r{gsace of the
die during paesdeséadl bveS ehd Mainet Of MOLIAEN LIRS Srepired St indhrodelCby using a
circunferential edge portion is easily cooled. That is, it is

pr esunboritconée! dinget pre$st mathgtl asmgi spaobf dieki edem| ovap wheli thedtarionntfik dimgct press
the circynferential edge portiaon to the central _pqrtion of the pres

f ooni n§e i3 ced, pat AT & Iﬁ%&ﬁn Ass TRy s ey F‘é?ﬁFegilﬁ-apF%{W@l poytion pt @9 press

a resi Min LBRS o?ﬁtd?@&itarg?g %r@sst faﬁmql'g; §0§ b ORoftl:D Q%a%{lﬁiegénli G REGM !g%l‘tion 18

edge portionh to the centr ortion e press ng surrace |
gener ahgdly Rodlee. pOaS thef otheehagl assatbbBie nditehnglpdsanenstis adagily Hiffused at a
generated, the flatness may be deteriorated because the strain is
r el easedcuppisrentalhaige ipagionod themrats fhanips sedeased thadie utiegrpsssfoomingoso that the

the glass blank rises . to a glass transition point. (T r.pearly .a

Stra nTRUEREh PR Lt PraEenta e Podfial i Bulh e s e Atar & g aresumed
found yhatndiRhes aRlt RIsdIRfifedPiioh8 JRLES AGhR a&uﬁﬁaﬁeﬁ@zh'e%ge %?rtion to the
that a difference’in tenperature on a surface of a nolten glaSs (e.qg.

bet weepertthad portivaurfftee endss &mengsurfioet | bnthéanday, ke iaentat afraipdid-plane stfain) by a
the surface of the nplten glass) during press formng is reduced, the

ar ea offsidyal sipss eretending HAC Apetion Ty die drgamireniill pdgarnastomiorbe eendtal portion

t he sa i k£ t.c I an. lnterpal strain.. [[00 . gThe . . .
ren o SO forh sF B LR b RE BR prly RO SRt ot in-pIERE strain i
nmanuf agebrited the AhASS nlyaltkdckRlordtB@P&alise tH §tfain WYelfdlsddNGhdidBfeaing treatment is
form ng process of press-formng a lunp of nolten glass using a pair
of di epeffernmdtuatihtempstatet ofj khesgasydl akirsks tovhglags transition Ipeintt 6T g argrearly a strain
process, . Ems formng is perforned while tenperature of the nolten
gl ass PS% FBPYIdEIPESS t hat cooling rate of the nolten glass is -10

G/ second or Ifs ?regéi{t '_}H‘gstnt[cn? hlﬁlfg £l Wat Rx}hgﬁ gc')oQltn]ég]gategglL ke anglceﬁ?ﬁiaés s controlled

cool ed froma glass ransition point rarn pol

It is sotiedatdirendean t&RpReuad o & siifsbecdfiaoRoltén dQ¢s (RY b&O&eMthe diRumferential
exanple, it is referred to as "-10 C/ second”. In addition, "cooling

rate i gdgelpor@os dedribe gentrad portioveeinthetsusfce efrfher mpliere glkedubtringrpress forming is
| ower than 10, C per second 0 The sixth. viewpoint of the
present® uﬁ?}%rﬂ’? 8y eS‘Efaﬁ%ﬂ%ﬁﬁ‘l P teReglR o S ngldétll W%&OSBP%W jagye time

magnet i\ﬁth@iﬂ%ﬁmiﬁ?%ﬁ&t&ﬂﬁﬂ%ﬁﬁ a formng process of press-fornmng a
| unp of nolten grfass using a pair of dies to obtain a sheet gl ass

mat er i fdg25vherein in the form ng process, press formng is perforned
whi | e cool i ngﬁrate of the nolten glass is controlled during the
period of ti ke fifhyHewpaint ehthginagseni Biveisinanay bem megpd Jor meawestuting a glass

poi nt strain.point _s$o.as .t rgﬁducein- | ane strain. eeratﬁd

When 1 RER&F BREGHEAR wRE RO r By Mot i Rt BECS Pl motten glass
using a pair of dies to obtain a sheet glass material, wherein in the forming process, press forming is
performed while temperature of the molten glass is controlled so that cooling rate of the molten

glass is -10 "C/second or less during the period of time in the molten glass is cooled from a glass
7



[ 0027] The seventh viewpoint of the present invention nmay be a

met hod for manufacturing a glass blank for magnetic di sk, which

i ncludes a form ng process of press-formng a |unp of nolten gl ass

using a pair of dies to obtain a sheet glass blank, wherein in the

f or m ngapitorgssnt (Pgkes ftaimpaeigt.i s perfornmed while cooling rate of the
nolten glass iis controlled so that a difference in tenperature on a
surface of tHds Refed it ghen dempgrptiee ssAudnig 185C preschoN: dor grample, jitsis referred
reduced. , [0 » net - u ry » @l ass,; bl .ank

for nag)naest i'g@ ﬁrlbg?g,omri)r'efﬂe1 ?‘ &@F‘?Hp rcgg ggg %)a%nlsg'ga rrg{%&tbogl dpogrg S%r gn%gggsv\%’?ﬁ tgmperature

t he copddutrgor il Ev@fthdd B TDpdreBediidass is controlled so that a
difference in tenperature on a surface of the nolten glass is reduced

duri ng{G0R2é] period of time in which the pair of dies close and

separate. [0029]. . In e nmethod for manufacturing a glass bl ank
for magnet oG %\ﬁf,h vigwprigt pb il HESSHT GEERion HRRLE & BRHHPA ORI paCturing a glass
per for i ol . f : Se S I

Phat a0 for oamIE dRRhic @b o B e o B o B T 1 gl

r educedsifiglt ipaig of bies pesbtaid aohedti gi@s imutoMal,Ghhdrdie id SRFefgihg Hhercess, bies forming is
mol ten gl ass noves froma glass transition poi nt@é)Tg)_ to a strain
poi nt HerferAgdt Wailp eedmighgteod! theemplin glasyisasmtrofled dofing the periddhof time in the

met hod_f or nuf act ur.i a glass bl.ank for magnetic disk, in the .
f or m nGoBPDERER S PRSP A -2 FRIEPT RBITE &7 GASPOHRL OB “HrELEe Fopagsteain
usi ng bherRed Wwh thdingsiteh o8 Rurflh [861i11%Rd Mib DGR Blasd Blafubre fal ling
di rect ?on.r [ 0031] I'n trﬁ% metlhlod for manu%zfgt uﬁdpng a gl ass
bl ank f@27hagnetic disk, in the form ng process, press form ng may be
performed while tenperature of a press formng surface of the die
during pressingseyentnyecwsintay thg present rveelian waybe amatkad fpr pnpseivring a glass
[ 0032] he. net hod .f or . manuf act urin L ass bl ank for
mgnet Penm et R TR PR i S 20e e SRSy Rod vl sy s
so t hapsihgapRraifHi& BfobeaiR haiset flsibREk SHhERkenhe FhRiRApfocs, fleSoking is
substantiall'y identical.
performed while cooling rate of the molten glass is controlled so that a difference in temperature on
a surface of the molten glass during pressing of the molten glass is reduced.
[0028]

In the method for manufacturing a glass blank for magnetic disk, preferably press forming
may be performed while the cooling rate of the molten glass is controlled so that a difference in
temperature on a surface of the molten glass is reduced during the period of time in which the pair
of dies close and separate.

[0029]

In the method for manufacturing a glass blank for magnetic disk, in the forming process,
press forming may be performed while the cooling rate of the molten glass is controlled so that a
difference in temperature on a surface of the molten glass is reduced during the period of time in
which the temperature of the molten glass moves from a glass transition point (Tg) to a strain point
during the pressing of the molten glass.

[0030]
In the method for manufacturing a glass blank for magnetic disk, in the forming process,

the falling lump of molten glass may be press-formed using the pair of dies from a direction

orthogonal to the falling direction.



[ 0033] In the nmethod for manufacturing a glass blank for
magnetic disk, the tenperature of the pair of dies is kept |ower than
the glass transition point (Tg) of the nolten glass during the period
of time in which the glass blank is separated fromthe die after

cont actdOdg] t he die. [0034] In the nethod for manufacturing a

I bl ank .c disk, the f 1 . be. f d
E;?EZ 2 ol ¢ g ot et é’%@%ﬂ?;&%ﬁ%ﬁw{{?{m@%ﬁ&g%%&pmcess,
i gher . v, 0 .
res e St Py U FORAEE NS CRUPREE P 08 ARGyl L duing

whi ch piesdinglestha niddiefiohys priepeshsahtififyagsfobar mng a lunp of nolten

glass using a pair of dies to obtain a sheet glass material, wherein
in thel%32hi ng process, press forming is perfon, ed while tenperature

of the nolte | ass. is.contrqlled so th ur.f ace vi.ness of the

Sheet gl ass HfEATaiod B AR ect 5lns At &t GOIRE OF: B fhg orgne process,
C secopgd. fﬂn%sm b Pee6RdRE R erfferdtiBoriabritdi 6 it B Sl SRE R Hhifof dies
of theBmS)ftoen aggl %E colgﬁeg fromrggegr%ass ta;barnsi tllth(l)lngpoi nt to aﬂé‘li o Gles 18
st r ai nsyistantiall Pd3siical. The ninth vi ewpoi nt of the present

invention may be a nethod for manufacturing a glass substrate for

magnet i%3di sk, wherein a gl ass substrate for magnetic di sk nay be

rank Tor maghueinebp 8 PREGELY ST bkl BRRArIC R B Friave of e
above- des6r iaed wept m_c%ﬁmh tﬂ@%l‘désat%gft'ioﬁﬁboﬁlt gitr%ssif tR ABMerd QbssRGIAG hLperiod of

di sk, . [0037] e tenth viewpoi nt of e present Tnvention nay

be a gliamsn suiidt thagkss blankhsgepdraed dioskthe wid after icentaditngithediewi t h t he
above-descri bed nethod for manufacturing a glass substrate for
magnet 1803di sk, wherein the glass transition point (Tg) is 600C or

hi gher. [003 t j i e e .
vent i o may. 58 et B BB AR R AR B riln e fRull IR Rlming process may
gl ass subsis@icd dsRig ABONGL &18ssHaSlhg\WHIEH tdafisiBOR poined MoF BOG°0r higher.

above-descri bed nethod for manufacturing a glass substrate for
magnet (@038 sk. [ Advant ageous Effects of Invention] [0039]

The eighth viewpoint of the present invention may be a method for manufacturing a glass
blank for magnetic disk, which includes a forming process of press-forming a lump of molten glass
using a pair of dies to obtain a sheet glass material, wherein in the forming process, press forming is
performed while temperature of the molten glass is controlled so that surface waviness of the sheet
glass material 1s 30 nm or less and the cooling rate is -10 "C/second or less during the peried of time
in which the temperature of the molten glass is cooled from a glass transition point to a strain point
[0036]

The ninth viewpoint of the present invention may be a method for manufacturing a glass
substrate for magnetic disk, wherein a glass substrate for magnetic disk may be manufactured
without performing annealing treatment using a glass blank for magnetic disk, the glass blank being
obtained with the above-described method for manufacturing a glass blank for magnetic disk,.
[0037]

The tenth viewpoint of the present invention may be a glass substrate for magnetic disk,
which is obtained with the above-described method for manufacturing a glass substrate for
magnetic disk, wherein the glass transition point (Tg) is 600°C or higher.

[0038]



According to the present invention, a glass blank for nmagnetic disk
and a gl ass substrate for magnetic di sk, which have a good surface
wavi ness, can be manufactured by press formng. [Brief Description of

Drawi ngs] [0040] FIG 1 is a perspective viewillustrating an
ext ernal shaplee efeventyl dswpsinbof rthe eprésent negmeon onaly bk ofmagnetic disk, which is
enbodi nent is avjewillustrating a flow of.

FIG 2 \ . .
enbodi MeRtaghred mstngodhe oflasta sUPSIR U PhgmeRRetgT 48K SYiBEY rige Qbtagjed with the
t H H f - . - | -
ropar atioye @iyt WAGITRP HolERbn L Feldds bibsta@ Bk Rllc Ry |

i |1 ust radvanthgadusBeepl F Iofendbepss form ng of the enbodinent. FIG 5 is
a viewillustrating a nodification of press formng of the enbodi nent
using B0gBb forming die. FIG 6 is aviewillustrating a

nodi fication,of press form ng.of f.he enbodj.nment. in whi.ch.a cuttin

it i oot heesBhE S8 BCBEY B0 LR R S Rea i i by sipouate
of pre Bli0@sRiwhibe @EQO%' | ' ing.
soften?t%g?fl %il}r nace. b FI Oggﬁifg@%\?%%&ic{aﬁﬁgﬁfégy ?%géii Bipfestofiind
nodi f i fafiefaresafiptidnerfifabivingefiual i zi ng or heat exhausting nmeans used in
press formng of the enbodi nent. FIG 9is aviewillustrating

a timel®0tse of the tenperature of a gob in press forming of the

enbodi ment . IE%SI% Ia%te%sggct% vli:‘gutr) %?dsggtri]r%gsgn qugrﬁgﬂ] shape of a glass substrate for magnetic

disk of an embodiment.

FIG. 2 1s a view illustrating a flow of one embodiment of a method for manufacturing the
glass substrate for magnetic disk of the embodiment.

FIG 3 is a plan view of an apparatus used in press forming of the embodiment.

FIG. 4 is a view illustrating an example of press forming of the embodiment.

FIG. 5 is a view illustrating a modification of press forming of the embodiment using a gob
forming die.

FIG. 6 is a view illustrating a modification of press forming of the embodiment in which a
cufting unit is not used.

FIG. 7 is a view illustrating a modification of press forming of the embodiment using an
optical glass heated by a softening furnace.

FIG. 8 is a view illustrating a modification of thermally equalizing or heat exhausting
means used in press forming of the embodiment,

FIG. 9 is a view illustrating a time course of the temperature of a gob in press forming of
the embodiment.
[Description of Embodiments]
[0041]
<First Embodiment>

A method for manufacturing a glass blank for magnetic disk and a method for
manufacturing a glass substrate for magnetic disk according to this embodiment will be described in
detail below.

[0042]
10



<Fi rst Enbodi nment > A nmet hod for manufacturing a glass bl ank
for magnetic disk and a nethod for manufacturing a gl ass substrate
for magnetic disk according to this enbodi nent will be described in
detail below [0042] [d ass substrate for nagnetic disk] As
i 1] ust iGlaswsubntrae @r nhggnatiglissls substrate for magnetic disk 1 in this

enbodi nment a, donut - sh d thin gl ass substrate., The size of the _
gl ass subst r%ﬁén\“%‘fa %’d‘ngfc(;cl di 8lasy subsiate) fopimaggetif, fisk o ‘%%ﬁﬁ@og@em 15 a

gl ass ﬁb'lgﬁtslf}?}%egbtfxﬁr gl?% gtfa(fe d'"ﬁ*% sh?eh la%) gﬁ % dftnag?gﬁgtlc Jlskzlts%ot limited

inches I's s e case of ss su magne

di sk havi fig cxample Aagladdi abetRe f@f madgdetic rdiikeﬁa\rlel%)ﬁ r@&ﬂﬁalcﬁaméteﬁopgtsernches is
dianeter is 65 nmm the dianeter of a central e 2is 20 mm and the

t hi cknéaitable. i dnghecasg of. the rghass Fhlestiafeafonasagnefic disk hpwingca pamirfaédfmmﬂter of 2.5
t he gl bst r at etic disk of e enbodi nent or

el D055 S0 arpfee S ol dbhuSi 6 B b RS 1 p dEne ol 48 rAg . and the
roughn i :
i IR e -
magnet disk dif ske aﬁb@hfnieﬂ’@]s for edatfple] $ unf or leex anp it swfape mu@hﬁ@q&qthmetlc mean
[ 0043] Al ummi nosj | i cat e gl ass, soda-linme glass, borosilicate

gl ass &ughpess| Ryeoicthn m@CW@b@C&slS,afWélﬁlp&L Og¥ nmher [ghaisdt Sulssbe apted that the
for arti e anor

o un n Qe e Wish BBl g il Seaersh Ak SRRl 31 or tess
streng{mpnpng can be perfornmed, and a gl ass substrate for magneti c

di sk excellent in flatness of the principal face and strength of the
substrate Camltminpﬁﬁpfae etiiss| §@iadime glass, borGéiBcatogasidrithe Ikt dahebe used as a
gl ass substra netlgﬁdlsk of this enbodinment is not |imted,

but t hEFrREe Qﬁbéﬁssﬂl teste |f%a%ﬁ%‘b€|1|51ﬁé‘hfhl$ §mb?@fr@mab|l’;artw&&élmﬂie amorphous

anor ph i

oo o AR08 6808 35 LB Ao BATIES W A D UBP A ana o
conponegnks sedstateefbr fhametit 20k Nekernd ﬂl@ﬁ)&ss QftiBe %91%1@91 tRE 6hlndﬂsftreﬁﬁﬂfl of the
| east one conponent selected from MO, CaO, Sr0, BaO and ZnO and O

10% i nsehstrate cofi baprdperdt one conponent sel ected from Zr02, Ti02,

La203, %%191 Ta205, Nb205 and Hf 02 in an oxi de-based conversion

indica{ n nol % In order to decrease in-plane strain in
pressing, a ghassn f Qs RS ] imi
or higher, nore pr%(gsgt?t?b(? tﬁ%%%% Stﬁa )ﬁr%a ?gallsg%gg{%gélgé&gﬁ%%tﬁggg[ Limited,

of ti mbucthangaissgubstars ﬁﬂ)ihﬁseﬂnbdcamemtl@ pﬁéﬂ‘,ﬂaﬂijﬁﬂh@:ﬁeeof ahomphcud fiemiglodBRate glass
tran3|t|on point Tg) is shorter and the cooling rate tends to be

hi gher hagng ﬁéogmaﬁgom pehisling @(hmpﬁ%tof 81 1ded sl AlGher to FYain total of at least

"difference in t era dj affects the gl ass

L ar gel 9 srmEth SR, fiodh Bhch PR R Tietfralane bhaolfdne wmponen
parti cubiadby sREEMYD, e@a@h% SB'&R?' ahf&nd 85608 WBFGh total o df at 1east one component
Furthermore, in the glass substrate in the present enbo

t her nalseleod:pzhrf&noﬁr@ge’ﬁﬂzp Lettd;, 6f20g) @595 dbpDehind &y 150mXo>éhEDe Bﬁs]a@ c@hversion

nore, nore preferably 80 x 10:7(K4) or nore.
indicated in mol%.

In order to decrease in-plane strain in pressing, a glass transition point (Tg) of glass is
preferably 600°C or higher, more preferably 650°C or higher. This is because a period of time
changing from molten state to solid state (around the glass transition point Tg) is shorter and the
cooling rate tends to be higher as the glass transition point (Tg) becomes higher, and “difference in
temperature on a surface of a die” affects the glass largely. Thus, the manufacturing method of the
present embodiment is particularly preferred when such the glass is used.

Furthermore, in the glass substrate in the present embodiment, the thermal expansion

coefficient of glass is preferably 50 x 107(K™) or more, more preferably 80 x 107(K" or more.
i1



The glass is easily deformed and warp of the glass tends to occur due

to the tenperature change as the thermal expansion coefficient is

hi gher. Therefore, the nmethod in the present enbodi nent that reduces
in-plane strain is preferably applied to a glass of high thernmal
expansTbngleseisfcag] vedafomedred whnef fevglessdendslto exparisic om tlmdelfnpt:ratuemt:hange as

R o TR 85 0, 2o S R ESR i B iment
vi SCOSfetitrce%quﬁan@%rﬂa tp?éferatgsa}gggderosargﬂgt beg h%ttqmg ?ﬁﬁnﬁ%b%ﬁ&%&ﬂam@

viscosity I's particu 'y prefe 'S T's Because
pr esseﬂlanmwn&nﬁnm&benﬁxfnéoefﬁmm down in vertical direction, and
circularity of the glass having rel ati velb% hi gh vi scosity becorres

bet t er. Speclinf IT@aPﬂeWnttqﬁlebC\ﬂilfQ@ﬁsG&@ yWﬁhws e piief embbdlipneB00 ppesh fesmipe can be

v et or BETEED T A S BHRE oy db iees 0o daist daed BpFial et gs applied, and
thi nneglasd BRAR] hicBL Qa6 Hf i%r]ia’mtl'irﬁcfnléfdrﬁ\ﬂegl ?5ie iSHashiAhg l 5 flS Pressed in the

magnet ¢ di sk of “enbodi nen a flow of a net

nmanuf aciddie rg falligh aksvnsitbsértied] edifeatiomegretiralaitg lofwheé Igldse lﬁemgrmhadely high
with reference to FIG 2. FIG 2 is a viewillustrating a flow of one
enmbodi WEFRSityPeeomgsthsEer. f §pe¢r§ﬁ41tyat%wr30ﬁﬁtyan@r h%greﬁqrﬁ?év 39@ goipesyor more.  Glass

ot alfvifh B-visegrinf 204l oF FFE bt eroflekP s "EniOE ibind Bl ecomes

first alfg@ﬁﬂ@osot@qmgge(gl ass bl ank |s prepared by press formng (Step
S10). Next, the forned glass blank is scribed to prepare a

donut - Eidpkd gl ass substrate (Step S20). Next, the scribed gl ass

Substrate is ted t shape processin charrf ering processi ng)
(Step S30). t@%ﬁ BT RIEeT attstris %UBF@E?F@&IS@( (‘%@m bagigtlusi ng

f d ab | f |
gublst“raat 2 rgﬁ%%i’ ?or %: &Hocgg%% maﬁﬁé tum?%g e?s? ns%?%%a?cg f(ﬂ' 1‘115%%’[1 d?s%swﬁl be

gl ass 8esoEbédvethirefetdtdl €6 Fed 1.0 HIG Stis paliéw hrntrsﬂaﬁ& 8 Flow60) oné\eﬁ@bodlhtéﬁt of a
gl ass substrate, after first polishing, is subf(ect ‘ed to chenicall y

st Lengm@ﬁwdﬁgr memépcte'rmg agm:tubstmte;fqmﬁagnem figk.st r engt hened gl ass

S S80
substrate f oS HRRERTE B 2R pRlonds i {tas e hivvesipls b wggetic disk
Each prnomse%nmrdtrherheﬁg@é egsk Qﬁypédrgrét%ﬁahl{ 1§3ﬁrleﬁ¥¥ed ngfegt fctrﬁhf%@@esw) Next,

Form ng Process (St e pres rm ng SS

wi || bthedesnsd pesk b’lﬁﬁlhlsrseflbdfcbfmqﬁ‘ep@e Elcﬁnuﬁshaﬁé:@glaﬁs $ubsi@atpl(Step V20 Qfext, the
an apparatus used in press formng. As illustrated in FIG 3, an
appar attibed gless pistiateds silscteddoshere ppesssing fehamianny progwsingh(Ptem3p0).  Next,

150, t t 6 t I st

L0 SR Ol o7 AR S BB A S R AL S el et
t hat fbaml@uéf ffe0 %rh@ ADkERB i9lpassmatdt (d:QvsBey. t Neki - thé gnrﬁleﬁaﬁ%@ro@ttﬁé glass
101, a lunp of nolfen glass (hereinafter, also referred to as a gob)

cut bysibstateud subnagptadrio tir&@olisling Bigedicd)o Naki, tlobqulams saltiatel eﬁérlﬁm pod;lshmg, is

pressed fr both sides of the falling path of the lunp while t
| unp i &8 ramisale g thonge Ste ﬁ%a. News the é‘éﬂemwﬂrrgst@&gthened glass

h |
o PR SR RISt S0, e SRS ARy rifmsu e
units 3e@ined douddBe abinet pkb&ksase provided at intervals of 90 degrees

around the nolten glass outflow port 111. [0047]
Each process will be described in detail below.

[0046]

(a) Press Forming Process (Step S10)

First, the press forming process will be described with reference to FIG 3. FIG. 3 is a
plan view of an apparatus used in press forming. As illustrated in FIG 3, an apparatus 101

includes four sets of press units 120, 130, 140 and 150, a cutting unit 160 and a cutting blade 165
12



Each of the press units 120, 130, 140, and 150 is driven by a noving
mechani sm (not illustrated) so as to be able to proceed and retreat
wth respect to the nolten glass outflow port 111. That is, each of
the press units 120, 130, 140, and 150 can be noved between a catc

h
posi t | Gt Hhtrated & FEG2) podhe Feskng wié 16discopidsd on arpatipelss moden glass that flows
whi ch 6tﬁefr8rrnegs gﬁf;:/nt @i‘al%g V\(}Ll?%(gv{r ﬁ%vglr{ q)fl.a anst}'leg &}ff)!]?z‘r}gtu% nlOE | %hu%x)lp EPE emolten glass

| ocat ed™i nmrediate el . tenglas ow’ port

r et r eatheRGSdlel, Oflso REGHID ©NS d Bod)tu€ By e cifiRS SnkNichSs dARed I3%il1 @fh, and the
150 are drawn by solid lines and a position in which the press unit

140 i shdmawenpieysed foeroketh kidee of nhd-Faling pathsofl the dtumg alvdey tHer lmpt Isesandwiched
nol t en

| ass outflow port_ 111, [004 The cutting unit 160 is
provi deeWEF alrgﬁﬁ?wf@r I%tlwéf (ﬁ?ﬂ f@@%g 511%@%@%@}5 f?%“%ﬁ'@cﬂlfgs%@ki on
osition i . . ot ( ‘
(posi! on LOSHRIAANENS 1968l SAREULSH Y ablEeet B85 DL B0 b s 120,
nol t eni3l, 486, £y 160tkid ROvdled bORRIvAUSI0 degréeh afdvad iR heRerOgiasouflANbOG 111.

out fromthe nolten glass outflow port 111. The cutting unit 160
i ncl udd®4d] pair of cutting blades 161 and 162. The cutting bl ades 161

and 162 are driven.so as to intersect..each her, on the path of the.

mol ten gl assg%éh oL ¥ %3 @@ef#% ad clgbtl? AGVER Rl E‘i’&lgdﬁﬁcthfélﬁm (not
inters IS i

obt a1 naSUrAEOe e ablifo Bk RS it Hhodd Pk B dich MasOBRMI0Nort 111
press Thattis,kach bitht pekas uaitd 1205130l 160,12, 150 @ade nthvai ®cthd2n aaafch psiition and a

driving unit 123, a second driving unit 124 and a thernally o
equal i Hinsat Resitong 28he Eielh peditierm@ositips in whish therprassainithetOge diswi b aesoligdine in

isap -~ shape nber,. [ nc ing a surface ss formng.surface) ..
used {EREeDT oA HETRR LS REDYS heomoltin, 2Se SBHRE pp@ol1 i g eSF bosiion
sur f acg,oRRind fn YhikiSthe SHARGQmitk ALOSXITRIE - 150N8e lakdwdl b¥is6lid ke B b BBsition in
second die 122 are disposed such that normal directions of the

sur f acehidhebomessulis { Hhisi dbwiy bharbradentiale,in &HA 3B uc lvctitedbwhh Eosuthe aodsen glass
becone parallel to each other. The first die 121 and the second die

122 ar 8UEAMPYeHdi red to have a press forming surface, and the shapes

of theﬂﬁhgft and second dies 121, 122 are not limted to the plate

shape. e first driving unit 123 causes the first die 121 to proceed

and retreat Thd ButfifsBeE 6D @s plaRided GANCpAh of Ik2moldh £H& WiNEM MaRekch position
the second driving unit 124 causes the second die 122 to proceed ang

r et r eafpositioh inexlpele thet golt tsecapiured bplitke pess uiacmdthetheltdn glass airtflowrmprt 111.
unit 123 and the nd driving unit 124 includes a nechanj sm.for

Causi ndhe patugiria 60 Snsiihe Kimice! Tiolepiifigs bt critnES Sapk GHawLy pF eanclten lass
t he se j Ve i R Y ' 3 . .
e ARG MBI Dy, ARl Y T6UB 103801 Q185 e o cuting

sol enobldenthlaanddick. s@he Bettiag dladedrbd Ingd. 162 are drivéh® 4shelinfedskdt each other on the
equalizing unit 125 reduces a difference in tenperature within the
press PohMinge swittachshyt srkianytimess  (Whensthercuigybladestifd apdd$g intersect each

form ng,surface of each of first. apnd second dies 121 22 duri

b o5 DBt 5% sBR5 dp Hrie. S B OBk PSR T 385 el dne caten
si nk, Bgﬁﬁﬁﬁanple, which is one exanple of thermally equalizing

nmeans. The thernmally equalizing unit 125 is provided so as to contact
entire[®4Pf aces opposite to the press form ng surfaces of first and
second dies 121 and 122. Preferably the thermally equalizing unit 125

i s fornmed wi The REgeeEnk|126 40¢iuépsrefifst disnbilatd secegd Aieghes atfrghdivag ugit 123, a

each of fi . i 2. For. .exagpl.e en fir
and se%:ff)crcl’hJi ?ihé’s %MF%)% g‘ﬁg 5 etg?é%#l ?e%g%ﬁ%?g an' ullzg T aﬁg@dbgm@:oﬁ}sk %1.6 SIIZI and the
VMA0) , sdcdgd tdhernnalikya prtAdHagéd theniiet iddBdiiBYa Qﬁ‘fafc@_r(g'ﬁqs FhmeAPRAFfaced used to
copper alloy, alum num an alumnumalloy or the Iike. Since’the

t her mabénjoreytizd prebhdommig a2 Bhehgsb. a Theapresso hduang wintfacehinghére 4 asl shape, for
example. The first die 121 and the second die 122 are disposed such that normal directions of the

surfaces become substantially horizontal, and such that the surfaces become parallel to each other.
13



[ 0051] The apparatus 101 is configured such that the press

units 120, 130, 140, and 150 sequentially nove to the catch position

and nove to the retreat position while the gob is sandw ched, so that

the glass blank G can continuously be forned without waiting for the

cool i nhofirst Hee Plamd the sevknGdienl 2aarh oplyesguitad tb . hay©8$2dss forming siFfaGe, ahd the

(2 o T G ot A0S 1800 TR RS R g
(e S0t TRl il Py L e e Doy OB e

the gob 1 s made e Ccu
i 11 ust ottt hghd, hge séhe drvindhugin 10hecagicasie Beamld drei192f0riBekedYand retreat with
pressing the gob. [0053 As illustrated in FIG 4 (a), a

mol t enregbeps 4o et Erst die LY -c diachrafdbs Ifipstfdroieg ouit 128 gmdtthe senshd elnivgizagst 124
OUL | OHCRORL o bcyonih b Pk B S8, e HOR, 1% S 5 Ty of e
o e BBk RGBS AAER, A6E (G bl TS 00 s 02 B, ani in
t ensi owhichemefcyAdiersir aolenoid i@ wiltshtioyagueambidey. per time of the

nolten glass material LG and the driving interval of the cutting unit
160 may be appt Sprnaiheequahcmzonked2acedices Aglifiercace, 1 tempetpitrerittiaghe press

by the.target size and, thi.ckness of the ass_blank G 054

The. ety vwdicf dnPBkisi D FaS e etsin Hbf bk PREE sptcRphend o gt and
secondsdtbfd 424 191 ah82PGARg PRIsS fokdfng A tht B, PPhOIherhdlfy éduafting unit 125 is a
driving unit 123 and the second driving unit 124 (see FI'G 4) are

dri venhsuticimkt, Hat ekdeplei mdtichdiseod? examge tdfethsmadiydeqliabzih@ 2neone Thosleermally
to each oE_h,er at the timng the gob GG enters the gap between the .
first B9WlIPg Wiy l1Ehds SEGHE 2R &5 1o xontprlpiftsrarfags prnosds tatlg pregs forming

FIG 4 0 ' tyred (caug i e .
Che ek R by SRR Sl AL ORISR BB LAl iR s i
for m neyried fvdehaefiall &1 Keat celidacthddy @BkbraRan MALST Gk 6PFfRaRNtdcBhd dies 121
surface 122a (press form ng surface) of the second die 122 cone cl ose

to eachndilbr Rortelamplei shen diags, and vdeandaligoli? IGHds Bivdave dhienedoeft mpwifrahdrd alloy
inner c¢ir rential surface.l121a the first di,e 121 and the inner.

ol r ounfeh S Bl Pml eaSanand Wi PeuiBhbe Griied 95 SoRber grpoweg A Ry GHgninum,
thin-p 1 roi. egli oq: i ecti Q.1 r .
o SRR RARScP LR CSndZHe AR PERRERRL INAERNR e coptyeni
di e 12highadthtiehas of enth oMist ad seeund dieenti ahd 02 figae fid@?frsOfind fond dies 121
second die 122, respectively, in order to keep the gap between the

i nner @4 dé#fcan dst ¢iarienily tisebarged o ontsidge The heaidpanductivitynell theeultralipad alloy

circu L face 122a of the second.die 122 co ant.. at is,
Chepr 67 ¥E0} on' YmdG o 8% ey coBv Db caust ol REIEY; n TBE bnsiber tha
wher equrhﬁQhQQ&nﬁ&EM?@Eoﬁtﬂﬁhﬁg‘ﬂﬁiﬁ 195 rrﬁ%éraﬁgﬁo?ﬁhteﬁﬂﬁéi@&@d %%iﬁ’é t& MR heat
first die 121 and the inner circunferential Surfacé 122a of the
secondcdidacti?i®y, hsrdkeyst thicdnegsant] dirsensidmattcaopihahest:d Haypedg fipaaad s&ond dies 121
generated. Here, as illustrated in FIG 4 (c), heat transferred to

centr afpotdi diisst gnd ispeped diesy blniesh £47 pigl requirqdalocave zsﬂ_rlarllgh cfan@lij%of PRHAININg
it 13 RS R oY BT R G PO s FRMEL 57

in the figurg hel¥ @aﬁuétﬁfgrﬂq@@ahﬁm&m{n@?ﬂart&bﬂ?ze{ia@aihrgm lighhi@Sa #aslor the like
and 122 in the press formng process in press formng in this
enbodi heving aaodling effenit @ra bemipe roéchamemgiuak sis bl teater nsyriot condigtireil s dblermally
by the shape of the die. That. js, as illustrat in FIG 4 (c),.th
gob st PalRg TR§Ng Fejse C&?ge%é‘ﬁ%éfélc%‘cte?@ﬁ@ﬂﬂﬁ Pgﬁ“@d’?ﬁ% RECUDtFTALSUTop of the
[ 0055] ;; . {sm(not illustrated) is

dﬁ: (the inndt cﬁr@?fﬁﬁg%{t#{ er?aggitog fﬁf gﬁgér]]?a&! §1@3.

provi ded i n each o rst second die 122, and
t enper at ur esBagaubd thefstriisturadi o tAe predaf GniSe VN d40li @ d 12D ars sinBladkd @t of the press

unit 120, the descriptions of the press units 130, 140, and 150 are omitted.

[0050]
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difference in tenperature between the central portion and the
circunferential edge portion of each of the inner circunferenti al

surface 121a of the first die 121 and the inner circunferenti al

surface 122a of the second die 122 (difference in tenperature in the
press formi n@ftswa%hqn?ssamittmeVEtSi tnﬁh@fzatfdi pegtifrorthé iRjlingh golyshsa@Bviched between

decr ease rti | arl r ef to decrease the difference
in ten@é fgﬁ&ff 1g apd;t %1%41? Py d&?f §rﬁ% T g gt tb%%eca%cg deiging Whitc "Hl the

is eas |
PR A e v e —
when agllsd blanle e e The léRINfpesstihg peeseiired acﬂire&fabﬁil €eti 2008 1-13000 &1 t Withtheload in

circunferential surface 121a of the first die 121 and the interior of
the i nHrrapge envkeshont tiate pessinackecempa possitl e avitetdhicionti ascdeation, andetherefore

time of, press for dec¢r eased e i s nq.dj.ffer i n

ot or el R i RAEb i Rness HrAr R Tor o el i ShIR o rpawiess of the
bet Wee@oﬁl eSS ?5559192[&1‘12@” Bk LhE tht [&Fegmuﬂ aRbbads tﬁggfﬁregpﬁésﬁt% b first die
i nner ci rcum‘ eren surfaces 121a and 122a, and therefore

gener atmdtheatcmd die enee;apdrretaﬂ talefwse niet foomed glasnblenk G todhlbdewant Adirst conveyer
surfaces 121a and 122a can lgéci)r evented, so that a gl ass bl ank havi ngb

a good ! élira seeendeRnvers! 7@aﬁt sqar@;@a@reki’a’ and a fourfthgenvelsr idce prryided below

di fferenc it hi. nne rcunt nti

sur f acg{s‘l“ %E?[Eﬂ pé)ng;%%é%% T llnplr e o]fdot i é?g fs%elcgﬁi 1%}%5 qf tge first to
t her makduythectnatyerd N9 Wi 14 ﬂe%éwe WM g'lhisalﬁﬁnw\@Vfaﬂﬁ%devﬁﬂﬂbﬁﬁﬂe fc@frestpbﬁdmg press
gl ass substrate for magnetic di sk can be achi evéd. For exanple,

t he suphibcandmvbei sraysyar empuivexsdiht oglasshdad &5 & subppeate ot 1llmgatecﬂ)| of the next
disk is 10 nm it is preferable to performpress formng while a

di ffer B85 n tenperature between the central portion and the

Ci rcurrL(%i tial edge portion of each of inner circunferential

surfac la and 122a is kept at 1C or |less. The glass bl ank

prepar ed hasThdieppastusSIII & @oMBMiree SachiR tedprebLLBREE20N 130, 140, and 150
tenperature between the central portion and the circunferenti al edge

por t i opequsn@dly bwwvet leethdi £4tel exvsision nandempeeatoutte reiseabgosifpn oplmieattled \gob is

determn or dj to.the. surface vi ne uired for the
Subst 1 SV AL e I & 6T SRGTY e S bt By cooting
t he mgpme 'ﬁﬁ hi?%fn%@l‘i ki gypferential surface is a difference in

t enper at ur is the argest of differences in tenperature

bet weef0d5¢ central portion and each circunferential edge portion as
measured using a thernocouple at a point which is located 1 mmfrom

The 11 ont T Bl g ferfer mers pases Brllusiaten esderong preomhed ne Rpperatus 101

i nsi de i orre C f. th ortio

2o ur £1od B8t PR SPURE T 85 e Rut P s bhderat AT 93Vt MtBting the
ci r cumk@reintiiath &' JoBGE nlale Gy tik MI@ urﬁPIG(ﬁ%ﬁ@ R NO(h B 4 br%wq%étfa%hg the state
position of a glass bl ank haV| ng a di ameter of 75 mm and upper and

| ower anwhickfthe glagh blamgh@ if foummneq by ptasang therpobhe ci rcunf erence of a

circle centered on the aforenentioned point and having a radius of

about @‘@Psl%ﬂr). The tenperature is neasured at the timng of rel easing

of the first Aql ﬁusél% eﬂdF@gf COH]%I’[QIII laﬁggrbt aﬁ Fir &) ﬁﬁﬁodcsgf 1%\99 'out from the

[ 0057] rence | era

be det eqdNch@thsé b@otvrf i1l oww}gs PbﬁW@l&! At iRCGaT d:smlg dhoe@atfﬂreddwﬁﬁned timing
required for the glass substrate magneti c di sk. Si nce

gl ass subgttharwlteoglavagrmeyiat Ldugklgcthe chiting didsesl il e and i 62 (Fiéb#mb)r)at €lerefore,
whi | tall t |1 h

{hen: ndte B RRLFRD Ao RIERER an e CR AR SPYREIFE) B9PURO 456 45 fediRbes donpftgthercot
that ig sftﬁigﬁllof@{eoa}fﬁ(r)w Q{ﬁﬁ%?@l{( Eo?fﬁg g%&gﬁ{ahér&;l]fggangﬁ &}ﬁlfmg interval

gl ass substrate magn I's prefe
t he spiofitheccutiiiiensit 06@ mayne: gprmaRitdly @&f&ﬁnddhﬁzcgﬂd@fgstosaJ bsluft detdr@ined by the
target size and thickness of the glass blank G.

[0054]
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[ 0059] In the press form ng nmethod of this enbodi ment, the
glass blank Gis formed in a manner such that the inner
circunferential surface 121a of the first die 121 and the inner

circunferential surface 122a of the second die 122 are .
shape- t r ansf B made govdGe Hidisatowmetopnet egabbqﬁwhethmfmtrﬂe@ $2 laardl sehend die 122 of

h f i nf f f. ai f
i s oG HrEATEApar AT REM M5V EE] ek e eSubURrag ahf 5p4 Gee FIG
magnet ool ifen ok ich (GABRY ALPEOHA thd QoSHPLRSTN B 8LRSS DLANGERr a the

ace processing process, i.e. a grinding and polishing

procestimaid te gpb ekxperftas thagapisotwben wilkifibtndié ed1 addée deSondt die 192 asTherefore, as
blank G fornmed in the press form ng nethod of this enbodi nent may

have aillunireiReh&sElG ddek th%obt%s sireptugaddequehhibekyeesshofirst die 191l 484 the sccond die

substr f magnet i ¢ kth is.finally obtained [, e

Sho gl BE L Rk Grfeditt SiBios 2 B Lo 0T, P IS h T B 121, gd am
1.1 mqnnzpﬁrc%ﬂ{féﬁﬁﬁalrsﬁﬁgmﬁ @Jes@ﬁﬁﬂlr@ sub&e) lof ﬂf‘erse%xfdcdigfiﬁf 88tht Blose to each
surface 121a and the inner circunferential surface 2a 1 s

subst aotheaivity aunicfogap, tivd dugiobub; sdndwsaied detveeartic mnerfce:roabifqremhl asftfm 121a
to 0.0005 to 0.05 1..imso that the arithpmetic mean roughness Ra

the gl akthe tﬁrﬁrﬁt@ 81 andghpamer erfelrrlfexenflﬁh sufaee E47arofdlee seserhiedd? éﬁfoflﬁ@d into a
|
gl ass E—uf’f‘g f% b%)eum[{ é{rE?eE;th(;nonger en lprghrﬁtxé’;hceb?g C4d S%a\§ kﬂ%{] A5 Cne first inner

proper i nn cI'rcu ace I nnér
Ci r cuntpa@ivetentialSdifads €2 M@ﬁh@-'ﬁ@sﬁi"@@_@r hﬂ@ﬂi&fs@édrﬂ%ﬁ& diRem@rasitl Bhiddte 122a
G I f the surface roughness differs throughout the surface of
the di ef the w.lcaeda dif 12:2;a‘ng1en@vetqueinrmrdghﬁme13®pnthy gap ehebmtengtha gsndrramumferential
uni form n SSI i ch causes a def ec h as_a |linea
scar. %%@esﬂ fa of the'flgf ey 14 e SphepeRcaDtrenal o8 dena BEaoas die 122

are cl t t t
nat cad ThE p@%‘fﬁfﬁﬂ*ﬁﬁsﬁ)ﬂﬁ%ﬁ%ﬁ TR Ll A e PR by the
uni t 138 pewket e ihde cRtefferdgial Quirfaoe 1 Yoho e fit®afe1]21 and the innéif difimferential
the press unit 120 noves to the retreat position, the first die 121

and t heurmdri’éadifethqzzccmdedikel@@ 181 kepb gonptanit,| sot ﬂvet @Iié@ts-SbamdkSp@:fi & generated.

suf fici ooI t|| Ss kGha

tenper SRS 98 GG Botow Jest HrERTER o roepea a?mwsh@f ey cpsymerential
and th@u@&%@@ﬁ'ladéddvlm ﬂ’tﬁhtthel 8l 8s Qrs&aa? d'9 RER hhﬁe Heﬁﬁﬂhdécﬁmhmg
121 and the second die 122, e glhass bl ank G fal s fromt

press umttlZiﬁﬁ)acmmilnweuthmnﬂ/@.y ef hdaf lllhsoaatiay the hﬁmwhh ehepﬁgﬂs UPieks fo2fing is
receives the glass blank G (see FIG_ 3). [0062] In the

exanpl eeifpigdtysieed PRk of s 121 %qdel?éfwﬁsﬂlﬁﬁ?ﬁsélf‘Pl}m%%) REICEEan ey foming in this

f db
bl ades 1528k 184 W alipViape itk s bERE A3Terictp g Mpd e, har
materi @ ab Pusfaedi FI(WLII%) 'BS PO btrdtéhed BYAUIGNR dds doRE n80RAEDbRclShs 121b and

cut, thé glass does not becone the substantial ly spherical 'shape only
by cuttlQ?.ig the nolten glass LG and the gob is not fonned. In such
cases, @)S%Eb formng die is used to formthe gob. [0063] FI G
5 (a) C¢) are views illustrating a nodification of the enbodi nent

of FIG 4. Ttleteﬁ%ﬁpra é%ﬂ%l%@h&%ﬁ#ﬁﬁ%&?lﬂﬁ’ﬂ%ﬂqu}(ﬁﬁcﬁeﬁtlh%gch gﬁﬁa fﬁ'gt die 121

(a) is a view rati ng ore

(b) i safad vécomd dld 129t bt ichBetdiaeshahe fitdd dwlmmrﬁh@c@ﬂbh@@l & reRdRd RYfficiently
the cutting unit 160 and a gob formng die 180, and FIG 5 (c) is a

Vi ew i I1¢W@‘t thani thg glhss e'alaiﬂeon rpoml”ﬁgn otfh@epmehei febasei lng i ‘Shepderfigarature control

to the GGtoE sbI CTéZ As illustrated in
FIG 5 eéf AUPH & OB g‘frﬁ Ygt}qgg PE¥E S he press unit 120 is

cl osed by cl gsji lﬁﬁt %%essg{}pﬁ)kﬁtaa?& 2dg éligée kil %’J{euﬁ@t akt 1‘2'1‘%8“&%% %@ond die

glass LG cut wt ting unit 160 15 Tecel ve a recess
f or med 109 iri the pbdse Cdenil®d p@oeks182. Then as illustrat ed in FIG 5 (b),
[0056]

The surface waviness of the glass blank obtained after press forming becomes better as a
16



[ 0064] Alternatively, as illustrated in FIG 6 (a) to (d), in

t he apparatus 101, instead of using the cutting unit 160 illustrated

in FIG 5 (a) to (c), a noving nechani smthat noves the gob form ng

die 180 in an upstreamdirection or a downstreamdirection along the

pat h ofliffenenceroh tempegitassbeh@ametiie 2entrdh gotmacindRhGeiréunifyentiol ¢dge parteon of each
views illustratin nmodi ficati in which the gob formng die_ 180 s
used. P* te leniratf)mﬁwgerelﬁjal spdacs; ke of e, e 4t g #mlethe dmes Ceymfegentighsurface
gob GGy ’ _ ; . . At o Co

Phe gob ST HE secthfif pEXGBrc LMol i BB Byl R ime of
Vi ew i btegstaralingthet beh Stzade@rdaBesihiPahichifaelygbis Grefembrul) esh€de e BifRSéce in
formng to make the glass blank G As illustrated in FIG 6

(a), tHapcsdvedyIghcentty dsehanging heatdope thel®b Gnaviigpisregbi soaginedin the central

nolten _glass .LG,flow ng.out fromthe np n ol ass outflow port, 111.

no |11 BgERRRsgs o e e Bt AR, B i D peciuse when
moved QRfi@ebAl® iﬂqwg&ﬁmﬁb% Athd Hfeddr QW B ir&ﬁ@?ci’i‘a}rﬁi@&nﬂgl@fa 18fa of the
predetermned timng. In this way, the nolten glass LG is cut. en,

as il | tisdtrdad &2 il fRE Gotefion ef) the tiler biroekferch@idl anfhcd 322:a0@ths epandtded 122 at the
predetermned tim ng. Therefore, the rr_olten_&l ass LO retained by the

bl ocks g1 offaessglorming ds disgisased. dwae tip e dRerersse iy sisfaomatier glegteet pk inner

her i f ' th | t I LG :
Pt b BB rh S, BT B6F 5P Ehe BT TR, fBunfental cdee
spheri gakicdQR ifder bScuhaRmisINee bRt WegAnd 224, h$ theflifbreltterdish 5% uneven heat
second die 122 to performthe press form ng, thereby preparing the

di sk- sdefoedatiinaias nidr ankw@fer¢r0@bSirfaces 121a andl1@2a Zar( be prever(te), satleat wigtass blank
illustrating another nodjfication in which, instead of the gob GG a
| unp CHAYBRE B BROGHITACE WAy INgsSCaRLSERPARA a sof t eni ng furnace (not

i |'lustrated) . - 1001 -
T SIS, ok AR LA S e
si des betngen] Waetiridd breysitlg 32 thetdlhds HWhankNRirdpatht tlﬁrmbﬂl‘ﬁec#déﬁ@in@-unﬁ'l@g, d surface

(a) is aviewillustrating the state before the lunp of the heate
opt i camagingssreigir¢dofordbe gRpGubBtr{tp o wmagneficalisk ¢dnust achidvad t Fe shaipte, when

in which the | . of th ical gl f al d . FlLG 7 (. i
2" ot 16t HEPnges e ution it el SRS e [ Gk AR iy | § STt il to
to the Ly resk %ﬂﬂﬂtg'(ﬁr le 9 B3frdnQe qﬁ”&@m@&%g@é %%ﬁm%%hatﬂg Entral %?rtion ARd the

illustfated in FIG 77 (a), in an apparatu a glass materi

gr aspi Bcurefhdfialsedgd harteanvfeysh bhmnkudrcuGifeehtidlvarfqki 1084 agd 855 ik Qe at 1°C
position above a press unit 220. As illustrated in FIG7 (b), the
gl ass Ratessi alheglassgilanyk pasparahhanihe bestrsurfaee wevinpes whanps dijfershce fetemperature

ti I t the | f.the i cal gl fall : .
po 111 ettt dbt e drorhoy et Mo PREn TP E RS Porfln F g el e dfence in
opti caker@hedsitre ke bk ngBrogﬁafeﬁz aaBehe aeboRBhYES Id Affdck Walvifih€reddired for the
and the second die 222" t0 performthe press Torm ng, thereby

pr epar ighgs $ubstrate §k-mhmpaddgkass bl ank G Because the first die 221

and the second die 222 have the sane configuration and action as )
those of thelh¢ ditfergnce otemypsepterscethedmieripp »fjthe yaagr gigymferontfat, susface is a

the de ﬁér%cieoiﬁsceﬁhgram R;Jh?%zg[ ngqg]@gsetg&d#gﬁa%ﬁgés?l% te?ﬁ%@%&ugé)&f\{re%% B central

thermal Iy  equal’izing units are

i 11 ust phationGinad eddladifoubiTerohiidl Rdge pREOAHs eehn@ hiinLs vrthaddugleiatpodd Qvhich is
each having a thermal expansion coefficient higher than that of the

t her malldoptedduaii fromgthediiont 626 of sinpr cviudddrebttl\saeiaca distherdid tp the inside of the die
equal i zi units, 125 provjded at the circu rential edge portions, of

cur racaud Borsentds 1§ sedh @b it perbin el SRS St caeaual tee pRRIons of the
first el ne .| r 'rq%{qe i al f - th
second%ﬁre%%%, fé?eeﬁé%gg‘!tlr?é\}glg?g kel tBJO?%#@g l@u@i %&%eﬁﬁgoggi(%ln% %glass blank
st at e havinhi < Ridnteesrned 7§ @guahd zipper uid tiswd2an@ et phaviigedfoanipesi@ibns on the

circumference of a circle centered on the aforementioned point and having a radius of about 30 mm).

The temperature is measured at the timing of releasing of the first die 121 and the second die 122
17



As illustrated in FIG 8 (a), the second thermally equalizing unit
126 is provided at the central portion of each of the surfaces
opposite to the circunferential surface 12l1a of the first die 121 and
the inner circunferential surface 122a of the second die 122. For
exanp| terpress ferpdng.-her mal |y equal i zing unit 125 is nade of al umi num
or an gkgginun1alloy, copper, a copper alloy or the like is used as a
mat er i the second thermally equalizing unit 126. By using the
second t her nRlditfer86téahi t&ipeathd betk@bn apaRtorRRf danafdt ddierifiGCRBLRE following
portions of inner circunferential surfaces 121a and 122a during press
f or m nygiewpoiti schatigeth 4 Batoess seqhiret Horahe hlashwbsteato fid rhdpmenadisly.
equalizing upit 126 having heat conduction efficiency higher than

that of the YHEF #EFY yuksHak oy magnetis disk xf thisembadimpriris ipeaaprated (yehile being
! _ . . e : St S
A TSORI A8 RO RSl OSSP FAEDR PG HELREER HH0 hae

and 12 ne _ charge 0 “ou S|_ee _
t her madikl 8O aloAétRYdiRI that1lidSa finBl bRjdscale tiRr@hll E:QJa886€ doBfficient of the glass
tenperature of the interior the inner circunferentiial surface during

press fubsiritadoiomagistic disiiue prtferably as higifee that efiper pindle  tTrerafate] the composition
equal i zj nitg 125 are provided qn at the central portions of the
Sur T acokTE ghie s P meBRt (e SPE Rihaghe Gt tbsPRe fornagmone Gk has o

i |1 ustg; iniE b) ined it r i :

ey EB R Shfrnl e ARl PR, AEAL s A g

di schadigleds,tfor euispldein hranghoft e heo nal d YKEGUleteratlg il ﬁan%@5¥ 500 100 x
(0]

this way, a difference in tenperature of the interior of each _

i nner &V H&und eFlemthaamak gxpagsies copfiicientds w2 2alue welcalpiqsr vesg fthe dinpy ewmansion
be reduced.. The second thermally equali zi. nit 126 ma Jprovj ded

"h b el Teh 1 e | ST kg i 1108 o8 lehveratorctedh PR Sy dithe. A
r ecessad, RArdLai GXLAAELEE JoMRTdahBR, Re0IHAA!30P0TH7@E! £107

opposite to eAch of “inner citcum %rgﬁiﬁgP gurfaceg qgfgﬁéﬁﬂgfggghgg 1071
provi deet prefetabie ideeuserl differeqemsinitierng] ewpiahsid? Soefficieh] hesweat e glags fibGrate and
8 (c), .the recessed paortion may be cool ed using, for_exanple, a

| i qui dthegpyulle rapigpsetineFromk hepaipingf Wewosmpsglue rcarditionyatithe sireymaference of
t he ceptr ' i rcircunterential surfac 121a and 122a

are r apraryelah RO L el Bt R B R r B RS HR&Pa gass
i nteri aibsRitet 138 rhabnBfic CigkCHAESS ankibR th&Hal %ﬁ?arﬁ!tfn' BB SisT REPIrRY  As one
can be reduced. The thermally equalizing unit 125 may be forned so

t hat teamgeet tds ppeferabbntooperfdren semfeagterecopposil tse thet dmctempkratureeof the inner

e CoTL Ll oS Loth L2080 4288, oD e oL SELL N CeBL S L 1B, o
As il i . . i I |jeZ1
e L T P

secondieghipReatdidd baddeheliddntich EfoP bxtnddle ! &/ didferdnbe inBdnperLaieal pzdfagby ™ CSor less.
125 may be heat sinks. In this case, as conpared to the case where

one t héherditfeyenee) irateimperagiire mi more2Belewbhr T eiddss, ¢specialbnpratiratdy ¢2C of less.

the thermal ly e lizing unit to outside.can be.lncreased, and

ther ef or e helh® SRS R dETPEA{oRnH BFERR Gty 18, ALTEATICS F flSiReraisn 45 gppgsured
122a f Lac i i .
(b) oo PRI b0 iR, 360 oy Sk 1CREAY 1 AENREATA B Y BLATaods WAREP iner

be descirduneidrenidlt ewfatd &2 by eSthe fiostndiad 2 prand dssinnthéarduaifordi gl sasfacd | Zhakof the
Gis subjected to scribing in the scribing process. As used

her ei nsecppd digck22dpibe HelgoTthadietand at whichrihe innet risetnafsrenglcumtaes £2kgrand the
out si de _concenttric) cutli Li-nes (| inear scratches) ar royvided iin ..
Ohe sulpECafaMicihtitaddon Ekabn bR & BB RSk B Lo Bl gsicion
or di appRg PRES bR SardNcQREE holds BPURE b &idamdtrai @8 héd M9 SBAPMMe inner
of the forned glass blank G having a predeterm ned size. The gl ass

bl ank &raumieteatalisntfoce 1&2agoncentric-circle shape is partially heated,
[0058]

A time until the gob Gg is completely confined between the first die 121 and the second die
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[ 0068] (9) Shape Processing Process (Step 530) Next, the shape
processi ng process will be described. The shape processing process

i ncl udes chanfering processing of the end portion of the gl ass

substrate (chanfering of outer circunferential end portion and inner

ci r cuni 2 ghidrithd ganticpontes o) caftagrwithhthegomer mimgmfradiat sufaChd i eof thg first die
processing i.s shape praocessing in which the outer circunferential end
port i oiﬂagﬂﬂiedﬁé‘?r rerpiEeRa stifase brg Cifc#‘? SerpPngrdie h&2.gs 48 Sxuemely sheg as 0.1
after o) r | S we i NGi f.

2 si e g O isH} R B6E Sk (R R Bl At BE oBE g R dnco he
di anonghbstanasiy sk sRige. byl Redinanfiens fe AR Erdutnferfeffialxamtd €21a46F the first die
50 degrees with respect to the principal face. [0069] (d) Ginding _
Pr oces 82 lugridnlje Finee dirpipafgeintial sGriatn 1 328tod pheskodnd die 122 witpint dreexgrenedly styprt time,
process in fixed. abrasive grai the principal face qf th l.ass
Subst r bl Og sl eotlrd eubuilidifios Bane emuekeinpaboselis: ofn i Hgy the
Pr oces i, 00 LRGN Phddedls THY s | gl iH3nt | i
includgng a %?an%?fgegf ngg g%??ﬁyg 6FE25§%6?§#H%HEQS??n Pﬁ% gsmt%%mnmng
mac hi nomgheabiewdrcdesikd ease rsabstrite foe mi@ktc tdiskabouéxahGle abat @RIe2G0 mm in
(Total machining all owance of both principal faces; the sane applies

her ei n@ieéter) The doubl e faces grinding apparatus includes a pair of
upper ﬁﬂ% Lomer surface plates (upper surface plate and | ower surface

pl ate) % a glass substrate is held between the upper surface plate

and the | owey, §hLfARS GliAE GretBd JTON RELIAEQE, tH@Fﬂs@lﬁlaﬁl@@ 14F0%fed in a manner
surface plate and the [ ower surface plate, the glhass substrate and

each ssuchabat th atrer aireumédrattial ehrfaceohZéd ,of e fissb Wicb it Ihaat ihedhpxal cidcamdsential
of the gl ass _substrate can be groun ress faorm.ng

d. I h
pr oces&irfrelg?a obthsogrerdndic 182 gragurstrapsiemed, ia_g% tﬂ;ﬁ%etg;a prefpEab)y Hiegiatness and
flat neg]% s&?ogt %ss?é]feé%%ﬁ %(fl gxquxqertc@r%{lﬁff&&%iaﬁ Q@rfzﬂ:’é!‘. Qf“clggu RE (a?egsa§eb1%ge Q(?mparable
omtted. 'Betore e grinding process, a | apping proecess nay be

per f or fRghossbNY désidaWwnse shiRGak BF HRGhal ARPATALHS cBidlnbaksityOtotfBject the glass
apparatus used in the grinding process and an alum na | oose abrasive

gr ai n. bla0BTD}o ¢ ejrfEtguosksking prongsPHi.oc e gsindiSe epd $HUFhihe ptacessdafter press forming
pol i shing of the glass_ substrate after t rindi process i s _
ber f or g, b¢ climinatad,” Tk i dh saferﬁd%ia%é{] ot i (REubFesy darming msgpd of this
face a e e | u afe.a

subj ectQl gg&%%l%ﬁ”tl ?Araé(r hle{sUl?r ?glé]itg |S?1ﬁgﬂ}t%glcgoy%er E%ﬁetg%@gﬁléngﬁﬂtgtg hi Eé‘%Strate for
poi nt , n@btkticydikbakati i dinatlgSobtdingl. paot icghi@fles U glass BRAk WNiOXI Ask-gfped sheet
the | oose abrasive grain is used. By perform ng edge polishing, an )

i npai r hsng 8 (ilelkknegss 66 Aalei nhminan Ble slafrssireughnessfolcaagh ob thet ihper] digeamferential
damage 0

ORGSR SR A Sl e ML st
Whi ch  oBYa e BYRE ERIALES h@Dste@ b HB068 &YEDS Sith so that the arithmetic mean roughness Ra of
the glass blank G is 0.001 to 0.1 pm. The surface roughness of the glass blank G is uniform
throughout the surface because surface properties of the inner circumferential surface 121a and the
inner circumferential surface 122a are shape-transferred to the glass blank G.
If the surface roughness differs throughout the surface of the die, a place of changing the
roughness may prevent glass from uniformly drawing in pressing, which causes a defect such as a
linear scar.
[0060]
After the first die 121 and the second die 122 are closed, the press unit 120 quickly moves
to the retreat position, instead the press unit 130 moves to the catch position, and the press unit 130

performs the pressing to the gob Gg.
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[0071] (f) First Polishing Process (Step S60) Next, the
princi pal face of the glass substrate after the edge polishing
process is subjected to first polishing. For exanple, first polishing
has the machi ning all owance of several mcroneters to about 50

m cront®®ds. First polishing is intended to renpve the flaw | eft on

he o or mat (405 Sd Ea RgTRlRT adt 1 edgiabP U iie Rt Tk Bedicbond dic

and romgmee%})f clbsedtudgil fHelsHhss BRIk TNAARIQEETD01A k! 1854 N84T e glass blank G has
performed while a polishing solution is fed using a double po |§%|ng
appar atusmperaiungbelowta yetdip@ngi niChar, thofitdakivofg dilie] 2ppat dicuscotriedriviig unit
the grinding process. A polishing agent contained in the polishi

] [ | i shing
sol uti &f* P& diyen ta,sspypte, the figd dig AL ban@ dheatseenrd ¢ IgRaithe Prssdlaily Goflla down
abr asi [ 097 I h iy olishin roc .
oo + s g & ek . ang the oobURlebd 7Lt 7 A RBOBSERRY regpivs e s
nm or bRSE GAY¥E: RIG3E 0- wavi ness (MW-Rq) of 0.5 nmor less for the
princi pal face of the glass substrate. The m cro-wavi ness may be
represéiiitdd by a RVB (Rg) val ue cal cul ated as a roughness at a

Fat ue Ot B G GRamEE HTRisni B A THoBst il sahertal Rl o iories hy cutting
for ex : - uf ; l.ne. e . .
o XGRS AGRE L BRI T6) LRE 102 o RISy visosty

def i nedf the ndd1&EnBYLN InA60 [3NE smbDwithk@Bidceto £adlulie oTERSed; ¥ b&ic@, the glass
roughness neasuring machi ne SV-3100 nmanufactured by M tutoyo

Cor por 8e¢sdipt Raepneaibeshbitatialy spherisehgdpe elyryocuitting)the nBO®8 3129 0%, svkete gob

th h i | ess_than 0. 006 pj.n. and than 200 p.
Wien b B PRBIEFY | Tt MR EBtR e OMEIg BB GRLD PEE L 8 exanpl e, ¢ he

roughn 3gan be nmeasured with a scanning probe m croscope (atomc

force m croscope) nanoscope manufactured by Veeco Instrunents Inc.

and can be cEIGU @) ed(d)yravieeshostdeahi natodificaliod FR1H83mBOHhent 6f FIT® 4. The
present application, an arithnetic nean roughness Ra _as neasured in a

r esol ugP BTG die iy usadinthganedifigptione KK r5e€§%|1ﬁ a yrevailstratingnthg statphefore the

: 0] . ically St [ . :
S ™ PR 0 O P SRR P LB TR PR g BB 4 uting
chem cghit Y68 bh®RGHH ERRlng KR SOXAMFIE: 5 ey %86kwe Qludfrhidly AL sRATASHIMhe press
nitride (60% by wei ght) and sodium sul fate 25 (40% by wei ght) can be

used aforamindhsmpedainigd stthepdt Gen mgkstlegdsehlank G t he chenical Iy

o, Tor exanhpSSGanE it $1G00E) BeRiEredng Riesen s Lodb dhq Breps wHO LG closed
to, f | ' Q. di . d.

1 t he P ARSI s LB S A 86 a@fe b O S oM B SRR 5B SR 160

hour s. is received e Redefie] WaREMSY BSithabRck 38 UhRpesh.i NMTHaAcacMmasiaad IVFIG. 5 (b),
strengt hening solution, the lithrumion and the sodiumion in the

sur f ac&helmagléan glissillughefl besemeiths spherisalsheps whavedss 1866 falis daved towavd thie press

th di umj dt t i i [ tively | i .

i usgtt T B PEaPry e b HRnhdnl Bt Lot ot bk dradh tgvar e Biess uni

conpr €354 iffe %515 ‘%ﬁ;sbéc@%l%ﬁl tﬁeSTJthigﬁ %Bg;{b B ﬁiesépﬁlfa@é: nbi3Y OF t)‘?epjfntogtgtrl1 glass Lg. As
e g rate. e

t hereby strengthening t ass su e glass substra

subj ectlbdtrhted ihBIE Hee),ckiny tisd faingtthe ponGof theaph@ithl ish GRINeddwided between
exanpl e, the glass substrate is washed with sulfuric acid, and then
washedthg first é2{vandrthgrsegqnd fliexk22 to perform the press forming, thereby preparing the

disk-shaped glass blank G.
[0064]

Alternatively, as illustrated in FIG. 6 (a) to (d), in the apparatus 101, instead of using the
cutting unit 160 illustrated in FIG. 5 (a) to (c), a moving mechanism that moves the gob forming die

180 in an upstream direction or a downstream direction along the path of the molten glass Lg may
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[0074] (h)Second Polishing Process (Step S80) Next, the gl ass
substrate after chemcally strengthening process is subjected to

second polishing. Second polishing has the nmachining all owance of

about 1 1-LM Specifically, the machining allowance in the range of

0.5 - Beuseim FHG pr(ef ®r(d@dee vi¢ws Nmstmatiiz axinndjfishticomwardech thelgobdorntih@die 180 is

t he range, the surface roughness may not be decreased sufficien O .

the ot W&f- hiﬂ@ﬁ (2 anh )i FYHP AU stie 18&/&%%3@2’8%“@?{&80@@@1%%@5% ﬁféé (c)isa
t he de i I S . . - f. .
Socond” EHiRHEB MeED LPERIR he B0 6F id Haa R MIBRAHITRY aRASEAUHC 6 @ i
princi palew atfiratiny SRGOME i hi GNihB GobfGF iexmfaeted, tot fiesspelrhiiigi tbgnake the glass

apparatus used in first polishing is used. At this point, the second
pol i shblagk & ffers fromthe first polishing in the follow ng points:

of the reai nABOIRERER it FIG 6o pf resR B TofRed By Bty Fend iPGRRves e
fine p%ﬁtlﬁ? bESs EH%yﬁﬁ%ggﬁ dﬂr&’nq m%}tleﬁ glgls% Elrﬁﬁlbiv dtt Flil..zeﬁsqilgéf{%%@fi iﬁlgfIG. 6 (b),

about to™50 nm is as the oo asi ve grain use
secondthediockBil@g and 182 are qlivkiypmbiaheto theadsvisttbah st ef tir flvs bethewhdifen glass
a neutral detergent, pore water, IPA or the like to obtain a glass_

subst r k@t prseetpmened figming. sdn this way, the mojten aless heiscsbar Thep, asidleptrated in FIG. 6

to perfaqr e, s nd i shin oces but it is prefecable to

per for ki e PLEE RGP RS PEgeiPuBl 8053 Ruanthed fahte D are it bufe bpstess Lo
| 1T egulsihéd/bPthel K16cIRN 191CInRAAI 821 BRE dHn bhEnOHiRS SRS LbB (R, B&BNRE the spherical
further inproved. By performng the second polishing process, the

pri nci padpefoadbe smfach cersmaenfitive nalten glasolighnés dlusRaed af FIG. & (dndoring the fall of

| ess, nore preferably 0.1 nmor |ess and a m crqg-wavi ness (MM¥Rq) _of

0. 3 mthsreopdis 1m%ﬁ}h§nﬁ1§pg@ms§a@@cﬁg Rsitweeadthe ﬁfs@@;ﬁspl and the secagd die 122 to
descri 5@[} f i nk for

magnet Bgrq?flg{sjﬁl\éi%ﬁesg IEI sﬁg%bq%eg?g&rf I'n tﬁghells&"gﬂ reg ggs?gl%rﬁ?% process of
press-L@mﬂ ng a lunp of nolten glass using a pair of dies. Therefore,
when the surface roughness of the inner circunferential surfaces of a

pai r of di esFIG 7de} todt) are g illasteiting enghersuodificaiongu ghines snstead of thegzob Gg,
for the gl as upstrate for magnetic disk), the surface roughness

the gl AdUmBiCh Al TESAPtisal laft heafe yg%s%fgqng\zeﬁu%e&lafgélhe%ﬁféteém%eéed ot down
roughn f I j ' - t W=TE :
hape. ErauR ket S RE s RHORHE SRR CUIBAR ek Eiiithed from pp sides
press hefwdeidies2ep and L3 Sufify tHerThll GRthellempeaTyl ormG.d7 (3 ingvieheillostdiig the state
equal i zing means for reducing a difference in tenperature in the

press betons fy lymprafdbe beatedepiitab shgs isnlgrped dIOng (X istaheevollperatigh dees state in
Ther ef he gl bl bt ai.ned in t form. . f. .
i s e HERTRBRTe ABRCH sttt PUS SopPoridach! Kiiu Ayt RE Artp i which
face becalss hifin 'i@lsé}ﬁfrﬁleaEuith%mﬁxfla%?th%?sﬁ@ﬁ%&s% e e 'I%Hz%é pahk Gace

of the gllass blank can be kept at a |evel required for the gl ass
substrat e foRAsriAgtetddandHISK7 (Aihm @l gparasusiXllc atetass hayxetap gocping etkchatiom 212
a predeterm ned sha}{g}e based. on the glass blank is subjected to .
cheni c &P1YeYs theduppierniile omisal glaws tp RPOFHESR abaverauess wids 20y b 4¢ ilkustrated in FIG
not detexl eni ca ren I i i i :

Y 5,(%%%%1%%5' 1?1Xte¥igl g%plpléé ée?ﬁan%ngﬁff%'l%g%ﬁ t@ﬁﬁ‘gﬁ? (glﬁ%?%ge é}&'%f&%ll %}ass to cause

Ther ef or ass'’'s or ‘nagne is fina

obt ai nggk {veng ) B tIRNELtHRAB gRsd ool NRERIANI A3l ustteN B FIG. am@),adufrﬂn%ttﬁ@sm of the
and surface wavi ness better than was previously possible. [0076]

[ Magnetlimop dle ok the optical glakhethg luss Cs isosnhdwiched oatwrengthe firg diki 24 dng the second die
pr epar t hrough t he processes descri bed above, A magnetic disk i

obt ai n§§2itﬁ DEHEH §19 B RNt i BEPAI7E ’fﬁ%ﬁ%:sa&f@rsﬁﬁéﬁﬂaﬂ%és Because the
substr : [ ' i.C di vadl :
cxanpl S g oA REUT S PSRU e o7 QI TR BT al T ace aieo R g fag fst de
subst r abe an@kedog@dle 120 iRGRSIAE FIGYR the GBcripidas hitiongttbdyer, a

[0066]

FIG. 8 (a) to (c) are views illustrating a modification of the embodiment of FIG. 4. In this
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For exanple, the substrate is introduced into an evacuated deposition
apparatus, and the adhesive |layer, the underlying |layer and the

magnetic | ayer are sequentially deposited in an Ar atnosphere by a DC
rragnetron sputterl ng net hod. For exanple CTi X be used as the _
adhesi POdifgagtien. asgus é@nwaﬁﬁ}e@nélmqhwnweum%é hgre HeedundE@) §ilmgis a view

| ayer. ed.al | may,. be us he mmagnetic .

| ayer . ST RB R AR G e Y5 o Sach R g cxpansion
or der egosHhibiegt BikRerMin t@&atctﬁn%ltﬁ&fdxaug doQsIRiR: WRANGSI & Jrév8Ed B%e&%%ﬁennauy
assi sted magnetic recording. After the deposition described above,

the prequatizingamitay@$ prevideps she edunderegtididde byrtiohoof mx&mrpsl eppomte ©VBe inner
nmet hod, . and_ subsequent | ni{ll’l ding treatnment is perfornmed

i nt r od FESTRTIHgeHIT G dhka the et digel @pg the msh@qufﬁ@ewcﬁuﬁ%ce 122a of the
medi ug}&%ﬂd Hfé lfﬁr f@gectJQl EEE%E%) ]t]ﬁevxlew?ﬂﬁﬁ%%ﬂb% gé?er 1n%ﬂ?l?ﬁ1eng£ﬁ?gquahzmg

by ap ng, for or opo onto

pr ot ectihive 1hay ek Vfﬂedl Bnlgoat u{tg csiﬁidnogomb&%?]thésﬁ@ﬁe@b %gp&%%ntﬂ?e inner
A nmet hod for manufacturing a glass bl an magneti ¢ di sk and

met hod cteomivesntitlasriaet nglaofihadystsdibdti and th@mnnaagntemfcredtlslksurface 122a of the
accordin nt wi.ll be described jn ail bel]ow.. The

gl ass §‘ifg§‘ﬁ Eﬁofﬁﬁé &15'1% aqYiIER HINstrahing % ABEqinn {C IECEShRs Batigng gxtending
the gl glzxgaé éeﬁﬁ'ﬁlep(;rﬁ s&@%ﬁ@&ﬁrﬁc@é 3 dsﬂ tdefil e?%;ré}@ga&’#]@@murfacé' 151€of the

bel ow ription, erent parts romt

manuf agitsrdieg2a gl aks 1M@rﬂﬁcﬁﬁhlfer8iﬂgimehtfﬁcedlfbﬂ(a 8N thet t@oMEHROM Y Bfe provided in
manuf acturing a gl ass substrate for nagnetic disk in the first

enbodi Hhernally eluekpnarpésl2and the other repeated expl anation nay be

omtted. In ghis .embodi 5 di cat.ed as, "a therna

o tted. 10 ERbabRT2R0 R Ty RESY G2, LT SR s SN B . e
tenper %Béfa%tlﬁl@j%ér@érl dfEclBF the thddr dREmMBRER P EnERRVION: GRE Bhe 1519&7§qumferentlal
In the glass substrate of this enbodi nent, anorphous al um nosili cat

gl ass sraﬁa.obel Ebs ohptlEf mabﬂrherejﬁmdpmtlcdesﬁ tichmoltem gtdae i ithiestniddle of pressmg is

enbodi nent . In this enbodi ment, nolten glass is
press- F]H’?‘ﬁ%fom Tthﬁ csntbql é@gthalrﬁfteaifz oIt eivsualareptialsugface ﬁﬁd?oé’tt@ﬂé of the thermally

caual | SR bgE 28 R ' B B A6 Rkl Tt BRI LT BEP L iusted

t he saag}&@m‘glc@uh@gnlgme@g |n the fi rst enbodi nent except for
indicating a thermally equalizing unit 125 in the first enbodi nent as

a tenper at ur &scbwtratsid| mn@IGu Bi Ga),11R& sectqmdtthcrm@nrqualmang unitHE6 is provided at the

tenperature contr I lin 25 i s ane exanpl e t epperat ure
cont r off WSPH%]&H Plyegeh g‘éﬁﬁ CS WPPTILS Orfae Cirpup ﬁi?é‘ﬁb%‘ﬁfaée\k?l%PWhFrfES’f die

press fi9f nhAgnS Hink %ﬁcml{e&%ﬂ%ﬁfis&f&c%kﬁz%fzbg tfrlr‘ggédgghl&fe “}S‘z'a'if' Copmtee;'i‘é when the

125, the tenperature con I ng unit forned o

copper tiekmaly edlalpingwiit 128 i@indtd oPEtuRliddY oPdn 4106 iddnk @Lloﬁﬂ@ﬁip’éﬁ)a &@fpper alloy or
formed of silver, extra super duralumn or the |ike. [0080

Press fherliinig ysad gf |asm@tﬁmid¢fnfémsecwnﬁlth@@aﬂémnalweng peit dA6.wi By using the second
{ gggrl]e Hetml aleqnuahzmg unit 166( e)at conﬁglea lI’Y\ﬁ’llB cent?arl %o fons E}% g]%gr c:aipc%\ré%erentlal surfaces

121a and 122a during press forming is discharged to outside through the second thermally
equalizing umt 126 having heat conduction efficiency higher than that of the thermally equalizing
unit 125. Heat transferred to the circumferential edge portions of inner circumferential surfaces
121a and 122a from the gob Gg is discharged to outside through the thermally equalizing unit 125.
In this way, a difference in temperature of the interior the inner circumferential surface during press
forming can be reduced.

When temperature thermally equalizing units 125 are provided only at the central portions

of the surfaces opposite to inner circumferential surfaces 121a and 122a as illustrated in FIG. 8 (b),
22



As illustrated in FIG 4 (a), a nolten glass material LG continuously
flows out fromthe nolten glass outflow port 111. At this point, the
cutting unit 160 is driven at predetermined timng to cut the nolten
glass material LG using the cutting blades 161 and 162 (FIG 4 (b)).

Ther ef bead, conﬁaedcimtthﬁmbntmh pgttams otﬁétumﬁcmn&mhmfaabd 2 lsipdnelr i22aldugial press
GG due_to.a surfa n5|on %hereof stne t of the out f| ow

quant i f3rmyiRg 13 dﬁsé egge He ghbit eer‘ihrﬁ}l%hsé ey qqepliziee vRE HrS vilaghis way, a
i nter va ffe?éncggﬁ &&ﬂ%&rbtﬂgae?f;{hre.l g) g@y e%c% (?‘fg%grp&hﬂn%l%nﬁﬁt gé%dmla a1nd 122a

according to rmne rget St ze an ness

t he gl desSndpaskfoanids0é8e reduced. TH@@ecBﬁ@ﬂleﬁﬁm}(ﬁﬁaﬁkﬂng u‘ﬂﬁ%ﬂrﬁk\@ﬂf@p@wded
gap between the first die 121 and second die 122 of the press unit

120. Ain plagsoipbe hermalheequalizing unit¥2hg unit 123 and the second dri vi ng

unit 124 (see FIG 4) are drléen such th@% the first die 121 and.t

second di e 19FREmYDER S5 ECred ROIYY Flendips (tRwatd; Fhenﬁenttrﬁla Pgionces e surface
enters gap &t \wee h

Ther ef o?ﬂfsltas il u\sg'?r g?%rdﬁfcfghfé%ﬁdfsg }%ées E% gg}gl 2%& %Btﬁgééﬁ the thermally
( caughtudbetngeanit ibe abiillsdtratideinl PIG ahdc)t e seesod pdittonlddy tdncdolétsing, for
C|rcunferent|al surface 121a 9 press formng surface) of the first die

121 an@*&mPlermibiuidia gas sneioe Hieilie havingaceolingofiect prlagtbisicaseiliegrentral portions of

oo afinel et U Sl da S e 0rd Ret TARED P dietely a fdifieftnce in
sur f ac gerdpetauioftitCintdriod br te8nrkt tiraRHretdiial ke Ghrd L& ®Rhindlcan be reduced.

surface 122a of the second die 122 is forned into a i n-pl at e shape.

A proj bt ittemmald bquehiding unitdj2é ahayore fbﬁﬁbd g thapthe\cented portidnhef the sisface opposite
inner circunferentjal surface 121a of the first die 121 and the

secondd RO SR RFERERPIA) SuéfanfSalc?éa 19 1275 capthe dirgeibnepledeusing for example, a

respeﬁ?g&ﬁh¥?a(ﬂt9éﬁ§ce ]5§§&RHBE p between the inner

circu sur |rst die 121 and the inner

ci rcunf er ent 7zglillssuafeaGe F1828 (Of atphﬂamwm@blﬂﬂaﬁy bdital ZRSIART25 THAT bd Srovided
the projection 121b and the projection 122b abut "agai nst each other,

wher ebyntthe regrpsublaceveé ma@l‘nef ifmsteandciacondhideaseitli and $22.f dte ﬁmmitpfof tthmmally

first die, 121 and C|rcunferent|al surface 1
second *@AAREHNHE fégﬁla}' TSRLHELS: o 0 faasE P %@@?éﬁé&e e e?@sone thermally

gener a R I
191 ang&l%%%mlgnuntl IeZSpl'l:s &1{1%&? El}enng)nlpt)a}g (Q:%és?|tlnqg3%|?g§és®geq?laﬁﬁhé uth taﬁ birside can be
enbodi irdasedned tivgeford Beat staageref td Macgiasmm fbleank shﬁ'ad%@ﬁﬂ@%htﬂ llQE@ﬁfom the
by the shape of the die. That is, as illustrated in FIG 4 (c), the

gob st gep @%é@nby efficimndly discharzabisowisde.r each proj ections 121b and

122b. As illustrated in FIG 4 (c), heat transferred to
centra{(gg tions of inner circunferential surfaces 12la and 122a from
the gob GG i gydisc Eg@@p&@aQESnggg}hrough the tenperature

control ling un|t 125 in accordance with a flow of heat illustrated by

t he arrow i nNekig tifei sgribmg I{rtﬁ)ﬁﬁéﬂvﬂl be describedA tefiqrehapiesefoemitty @beess, the formed
mechani sm (not illustrated) is provided in each of the first die 121

and se&Bﬁﬂb@F%GTﬁﬁﬂﬂﬁﬁﬁiF@ﬁﬁ@Wéﬂ%ﬁ@§°ﬁ¥mgﬁéxﬁﬁ¥st di e 121 and second

die 122 is r t h ransi tion

nol ten gl assﬁkgsgﬁﬂwl %\Bn%grsg g 1%en ro cﬁ%‘ieggﬁ c@‘r‘ﬁl gn%eﬁém and outside
cool i ngofch@icPleutting 1@ed (1Feas %%&b‘%ﬂa PeLeE I tEsurfABELS the glass blank G with a
circunferential surface 12l1a of the first die 121 and the inner

ci r cunbartentiadt ofa stim ellapordiahonhparseles ndordeto bdfairs thetdoatt-shape (r1ng~shape) of

difference in te n a surfa e of the. gob (e.g. betwe

the ci ﬁ&ﬁ?w@ng a3t iﬁge%bg}aﬂngnaawa HREIREh SiZ| bl dankn& scribed into

surfac ?w@fco ﬁtrﬂ:oé?rc@h ?@ id g%ﬁﬁ? heétgd ta!%ﬁ & (P‘hf)x? louEsE](ﬁet{lg %9 d%%o%@én‘?nc circle
& bF Feduce er

of the gob I'S 1 Nncrease ore eratu
cont r okndre pbaivh 18] degic havd: @ncadtié tigclaveamnbed hyng Hﬂﬁteﬁh@e irf ®krmal expansion of
the glass blank G In this way, a donut-shaped glass substrate is obtained.

A donut-shaped glass substrate can also be obtained by forming a circular hole in the glass
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edge portion of the gob GG can be solidified alnbst at the sane tine.
Since the tenperature of the central portion and the tenperature of

the circunferential edge portion of the inner circunferential surface
are alnost identical, an internal strain (in-plane strain) by a

conpr eblenk ssigg pegrs diilkardhe Hke-from the circunferential edge portion to

t he cegqtorgj portion of the press form ng surface can be prevented

fromb rq generated in the press-forned gl ass bl ank. Thus,

by reducing ﬁ:)di ffﬁ{ag@@‘é‘ocie&iﬁgeﬂ’%%s@g%ﬁs%) the inner circunferential
surface of thé die during pressing of the ‘glass blank using the

t enper at ur e Vot niod klhiapg procdssihg Sproédsatwidlsbe despuibeéd Tloy shdpe goassing process

substrate for rra%gi;ti c disk can_be achieved, and the central portion
and t hichides chipfesngi pcewsige Pobeiwd pattiomel gbe ayss substiée édapdetingedfl outer

at the_: ime, ereb reventing in-plane strai.n., Far example, if
the 11 shablerrl AACEoRBh BIE OIS Oeifabrlond, bt et B SRitfug process.
JIm  pressfdRePra@sdiSs RehhR preseswih hewhitd theRer afdihFeRhtidIREd HBARA and inner
circunferential surface is kept substantially uniform e.g. a

di f f er engenferentienperamtrioreobibe \gbsn stliseateerfier tle soobing @roapdistchemfered between a
circunferential edge portion is kept at 10C or | ess. Generatiogn of .
the i nPpRapd fags adp %ﬁe i3l ngrtaaspespendiculas teghg pinciRab facs disigendigmond abrasive

differgnee iRt . t ' t -
ci rcunfiart g Rl 1E e BRdoE 45 0 B PR BG4 B8 pipeipl ce
may be[gmgpyopriately determ ned according to the size of the gl ass

bl ank G fornmed, the conposition of the glass, and so on. The

di f f erence i @)t enplerading Bragesstusing Fined Abiasive firanéBep 8H0surface is a

di fference i enperature which is the largest of differences in

empor atur e BebRABRUGRBGEETh 15 BHGE DRI e ErPEaRr aron s Elostybstate
portio r | r I : I Whi I

T 1 P R R S Brfoch R TR aha e PR Ayl LERHFng RS doubie
t o t heficosigeladiag appeads éndidding arplesp @esismechagRal Gor teR@mplentheadrinding has the
portion and a plurality of circunferential edge portions of the inner

ci r cunPaekininglloyigng eperalmicgorpefierstto abpytd 9P srigromepters (Taiel aedhining allowance
posi tiop,of a .gl.ass.blank havin . dianet e f 25 nd. upper._ and

over ShatiBptRE® R e ot dufiel iEhitefe T BRMAE oSl soparars
circl ejfafeeh gdirep Al (VRITBRIEAR bpdr sedcd ¥ '

about %30 mﬁ.% ' ulg’Inz%lan this emogﬁ%ﬁ@?ﬁ%ﬁe c%ér?r al g%zor\%?ghﬂgcr? l%tﬁ)éanda
ci r cuntrentbsaite édlgdd bantcbwtheofpptiariace placendfihd beegobhfdEsSptas ey moving one
solidified alnpost at the same tine because press formng is perforned

whi | e PhBORES thedpressertare Riple and Ithelovgr sgdacelapribe glase subsiatersad cach surface

differ e i S c f i s reduced.

Ther of SRge b PelETRER B Gl BT BRE 6% 4 e RS it 2 SERIE B
unit 125. [OQB&E press forming pfhtRsSANMBisCANGIGIMERT h Qs Bfank IHaViis At &&kelBly high
FIG 5 to FIG 8 may be ano applied to the present enbodi nent.

[ 0086] flatness canNextrepagerthtand lthepéfotehibie gpiotlingpro@semaf belomitjeb Eefodel the gending
described with reference to FIG 9. is.aview.illustrating

G 9
time cBIAES: BianpHig Hreﬁéw&ﬁ@%fmaecg%ns f dprtle facey gHRYIRS Bpparfes Similar to the
mbodi ' j b h
Crer Skl LeAERIRR LS, g W AR RSB GHER, Dat ol e

i nner ¢ erenti al e first and the inner
circunf@7enti al surface 122a of the second die 122 is too high, a

difference in tenperature is generated on the surface of the gob GG
This is beca(®@e thedgedidlishinadressasGiep SIM short, heat conductivity of

I [ 1y | . thap that qof t al d th heat. i
di 11 cul t t o FPaFRaediP g Prieecs AR ERppinERFRerY isardpaped

speed of heaj, Qi‘ge%oﬁﬁﬁné,_oché e LigSinh SredRACniOQcdidiiNoutt! AR ub@Erential end face of
transferring the heat uniformy internally in the glass cannot E)e

spar edtheAtlasshiubstratiere shisjectkdige naiseo cudte@dfinkiiihg dgobiustg ppligdegesAathis point,
slurry that includes fine particles such as cerium oxide as the loose abrasive grain is used. By

performing edge polishing, an impairment such as contamination by deposition of dust or the like,
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gl ass bl ank fornmed. [0087] In this way, press formng is
perfornmed while the cooling rate of the nolten glass is controlled so
that a difference in tenperature on the surface of the gob GG during

pressing of the no|lten . glass is reduced. Then, the nolten glass . .can_.
be sol déaec & afarhisingeated atherpyaecumerse oha therpal psperhyetndrdspesitipnat ions of

anneal { g, 1 SRLUEAL Qe HEL SRRE A8 QL SLRRLaShE Bllogeger ated (n

t he glass can be om ocesses a SCribing process
may be[bot)hg] same as in the first enbodi nent. [0088] As
descri bed above, the method for manufacturing a glass blank for

magneti ¢ di SK) and FarsgPelsdirgitretasaf e 860)nmagnetic disk in this

enbodi nent includes a press formng process of press-farmng a |lunp ..

of molten gla®ed: ipﬁlé‘”&alpéf“? Og?heoﬁl § subsirafecatts é‘fe ﬁoﬁﬂén%g’foﬁ’%és subjected
roughnes f the:-inne i er iak: f.aces, .0 i i8S S

set atni% a%%%oaBlF%‘\llﬂe%n (E(.H;.e&gltl} eécfg@{r ﬁgﬁlﬁg%s%r%egﬁi Eneagh%g{rg t éwg (%séﬁ several

subst r @i@ohetersn@aideti $0 diisinetdrdie Ktk bakhiniddhieasdsl ©f retlo@e dhaafsw left on the
bl ank can be kept at a good | evel because the surface roughness of

t he i nprétcipsl r gaf dicentieabrisding awsenpofthe Hexedi abrasive hzipa, tthenddfemasignagnd the
t he surface roughnes f the glass blank. In the press farmng.,.

bt 0c o B RWEE GRoa T e B B BT R it VAFFECTRe. dBoNE ngrs abdishine AEoeess
mol t en?(ﬂlsﬁﬁr% it PeFQRt iR %dTEflﬁlg sbfutib® €48 Qsiggratd%ﬁblte%gﬁﬁﬂﬁé gl%pa%{ﬁé‘having a
that difference in tenperature on the surface of the l'ten ass 1s

r educestrucithe sedibnr &y thiahef the apgarithandeddbtiad gradiingprobes pr Aysliflangeggt contained
process of this enbodi nent can be manufactured w thout necessity of a .
pr ocesH! tBe PR IOREINAD o ¢X9ETPaR CEAME OFKIEALEIvEIREIE GF f ABEOHHERIAHES &raIn.
and flfbt(’? s of the principal face of the glass blank can be kept at

a leve Zgui red for the glass substrate for magnetic disk. The gl ass

substrate shmpfe AfPpESHAtk: prot&s GHolkRaLtEsMonRed §8aPR e 8 du@htelrBEshness (Ra)
gl ass blank is subjected to chem cally strengthening, but the

f | at nesfS0.6fmt trdegyl and 2 rBhswrEness (M ViBY) dE0.6 mnoerlesdobthegimmmipebfaky of the glass
strengthening in this enbodiment. Therefore, the glass substrate for
magnet POSEREK P RIS WaVHIRPY \Mayh P& TrRkpserded fiyna RRQ yalegpplculated as a
mechanj eSS j i .
poss bz HELRkPcRLbARTE 100 4050 bR 48R LE LA 855 L3 mm racius in the
sol i di fvhe’d ofithdpriticigd fdeNghdodin He-dRARRd Sking] Rr Byarfigle] Welélia?Q4 theufactured by
cooling rate of the nolten glass so that a difference in tenperature

on t hePslyteedee of the nolten glass. Accordingly, in this enbodinent,

a gl ass bl ank for

G 9k The | it RATCEEPATROSTS JFRERTIod eALaURM i HE MNP Rk L Eined in TS
present THient: Skt [ Bo Prrrhes Miasked bt Bl SRnes IR bpe e J9-0100
Howev emantfaetuppdelse Mitutope Cotpnaticss @al cdleuihicé byt 0 nasipricdgimddsiarilpeBDE3R:2001
Exanp \E;l%l.el‘l [tlr?eoii?l]ghness is no less than 0.006 um and no more than 200 pm. When as a result, the
roughness 1s 0.03 pm or less, for example, the roughness can be measured with a scanning probe
microscope (atomic force microscope) nanoscope manufactured by Veeco Instruments Inc. and can
be calculated by a method defined in JIS R1683:2007. In the present application, an arithmetic
mean roughness Ra as measured in a resolution of 512 x 512 pixels in a measurement area of 1 pm
x 1 pm square can be used.
[0073]
(g) Chemically Strengthening Process (Step S70)

Next, the glass substrate after the first polishing process is chemically strengthened.

For example, a mixed solution of potassium nitride (60% by weight) and sodium sulfate
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<First Exanple> - Preparation of Mlten @ ass Raw materi al s

were wei ghed so as to obtain a glass having the foll ow ng

conposition, and m xed to obtain a mxed raw material. This raw

material was put in a nelting vessel, heated, nelted, clarified and
stirre@Oto pr epaghe) aahomogeekt ausa naletéeallgl stssgfireemgl rdmidoaninanite ahemically
unmel ted substance. Foam and an unnel ted substance, deposition of

cryst aPtEengHsaingoprosssnarhemically sgngthening selugpy indeded o, Bacxpmate FORAC to

f i o] . | . d i h o i .
| Compodtd B0 BN S e S BB KT AP 2 G SRER, 36 e ass
a conpagsirhieRs fhef l:il-p?'bdﬂm B0 chémitaly ffenstiRing bohuflod 850 Rf eAMMHS, 3 B 4 Bours.

35%in total of at [east one conponent selected from Li 30 Na20 and

1(20, O to 20dehhe glassisubdtrage isldgmetl inthe chompale ntrerptheutgewftroonihvidivm ion
CaO, Sr0, BaO.and.ZnO and O to 10%in total of at |east one conpopent

sl ect 8! HEGRUPIBIN i §9 SuTiacnisyenaloBe s cubRES Tablacel BEDrRiva, Wit the

oxi de- 4 r s i ndi j: % . . )
above. St AR e e Salich B et rgs fon, gty i e shemically
di amet atfen@thehngr dplwticaneco @t hi @oneesief stksO1ayer wad e paRe su$idddayger portion,

press form ng nethod of the present invention (nmethod using the _
appar athgssbiynstringBienigail glass Tubstraggrpehe uglass ofubatrate| subfectpidass the chemically

material LG discharged.fro |ten gl.ass outfl ow port 111 .is.13Q0C, .
Tna”t haredieBtigRbHET i WA Ren ot SluThian s B TESERS i PE M Sl acid
POi ses . dlien SMERRAGHIH PHEIRRES Dr G It eti ¢ mean roughness Ra) of the
inner circunferential surfaces of a first die and a second die

t hrougfad] t he surface was 0.01 p.mto 1 kan, specifically 0.1 ).tm
Further, the first die and the second die are fornmed of an ultrahard
alloy (e.g. no).ScoppBelishig Rroeess 43tenSBRHer mal |y equal i zing unit.

port 111 15 NeE B RELENTGeUNE 60reals T ERgs Predo i pigeced t second
thi Ckn?@ﬁshﬂ{ . alQuind Qo MRS hﬁ@ﬁﬁ@e%acﬁﬁﬁléﬁﬁm%cw Rbdu® SIe ﬂndﬁfecﬁically, the
| oad o 300(% kgf by a press unit until the gob GG had a tenperature

equal tmachnindgmliewahdrain thheangk a$ 9.5t + Zinsi tipoefeped. ntlf (leghadfinihp ellowricens lower
gl ass terial (apbout 3 seconds), so that a glass_hlank having a _

di amet 8randhe A58 %‘érchﬁrrﬂ‘ég(i‘.ness may not berfecerapgdaygiident]yn %%Pﬁ’@ﬂhéﬂd= if the
in the.j o] i al of, .t =2 ' j '

i 1 or BiEne oM P b 36ecl e A i G RPhs ORIk 2o shape

t enper ataye dagiedeeBeddnd potiliinglis RENHEDR BB thifdE urfict pURIRILM thapriRdgsl face.
portion as neasured using a thernmocouple at a point which is |ocated
1 mm f Fropecone ppligng, fle exaniplé.the polshing afparatwy vl is dirftappdisihg tihesadi e At this

to the inside of the die and caorresponds tq .each qof e centr.al .

ot 1 oROBE S g hotiehiSe e Al SRORET £PDgties Bt folRetE baiRk: fegnd and
circu entdal spect.fic i ding to the
centra %lggisltlzl%oorﬁ%%lfog&gﬁbgss b%r%ﬁkgida%’r%lgesg%@gﬁ%?{eé(ﬁgp 9@5 rr?n and

upper and | oRer exandbld, ahé sking ¢f Potwbal fing @aiticleonsclons télvidal silica (particle size:
circunference of a circle centered on the aforenenti oned point and

havi ngd@meiagiod gbait 1815080 nBY inwsed as Hefrenspbensive ggain nsdddn dhectecotl polishing.
tenperature ich. he lLargest of dif.ferences . in tenperature .
bet ween the Lo eriep shtf aik S T PrhruhEh FRERT dHgefoPoieatt R or the lke
det er m@geaids dadishbSLReEmaBndiRM at ure between the central portion
and the circunferential edge portion in the inner circunferenti al

surface of thes dotenecessarily esdentislhd peifxampleasecontdglighifif atavess butdgisiprefdrable to

for the glass substrate for magnetic disk was 4 pm a difference in | |
t enper REGOE Bt Sredn pHishmgarpceys deeayee thedevd abike syriacqdgesdarityof fhxcprincipal

in each pr L& | evi gl t | f.ically, the.

| 2 e, M b APS) Y Moo 8B SOTEL SR g igorcss.

t he sea@nsiddiRl RS cifbe ladd 1d hhe AZRAhndsd 00D ofl(BY ahUatlbRNnRte SleBSSHly 0.1 nm
or less and a micro-waviness (MW-Rq) of 0.3 nm or less, more preferably 0.1 nm or less.

[0075]
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For the pl ate-shaped gl ass bl ank having a dianeter of about 75 mm

whi ch had been prepared in Exanple, the flatness and the surface
roughness (arithnmetic nmean roughness Ra) were neasured. Her e,

t he surface wavi ness was defined as a PV value (Peak - Valley val ue:

maxi mum el evasidsirriged fhowen te) mofhad fermappsieinet lasy black ferenagnetic disk in this
surfac . 1 he. bl apnk was neasured in_.a co nent .hayi n . .
vavel PRI IEhAE o BIAE Kl FPRRN <8 Pesi Py SR NS pf HOefdlses uxiae a pair
can beofBREUr eRerb®td) GvhehQhe SddBR! Bugedd Sl ifRD Ul BGh I EfiaPYurBRESEF a pair of
Shift Technol ogy, Inc., which is a white light interference

m cr osdpes sof pea gond lavd (shapefane asghnesy rampad dtriule glats sibewdte fdrenagmieed disk),
that data of the surface wavi ness which cannot be correctly neasured

due t o HoHrees FAghIEH of Heetlet Blankrrandigdisrhat mgens leveliberanse yheofurfape roughness
edge p i e igm.n ' h ... the asur enent

ar ea rrggE e&ﬂg&ﬁ%@uﬁ&g@?z&gmfﬁﬁgﬁ ?\fttglg [ esil,glgef %%sg%ag%ﬁp Setﬂe THECE [Pyeigss of the
vavi neghissrefankl SanbieCplesd!|fatnad béte;guls&ém@olﬁlin\g%@e% P&Ydi@dausing thermally
wavel ength longer than 5 nmw t% the cutoff value 'set at 5 mmusing a

di f f er eamalipmgsnedm Jonmdaciag usdiffeneata it feowpemtirt én itlee pross fonaimusuirface of the die
wavi ness.illustrated.in Table 1 a as follows. . Lt the )
sur t ac8uieg PHSSEE R phane)felsdos aitherbriome Hhirblagk Abeined dnahe press forming
foll ow rd [ At t . i t

30 nm Bop Sell B! boliment dBCRA YA EploBENTR riddinSHl L EPUTR RES Boroc e
a surf demeweatidrasfacolaviness of fepriipalfas df ae dRk®l4ikaan 30 keptitiadevel required
preferabl e because the grinding process can be omtted, but the glass

bl ank {& theglaps sebstrate fir cengaetiicdisy: t Bheaglasgvbstistasikphaioicassedintu p peadletermined

wavi ness _of 10 rimor |ess because.the nmachjnin | l.owance in a

pol i shlglﬁ e[?la%eg’eé tﬁlg ﬁ%ﬁ? @a@élsi gjreétggé%lafeé?lcglya%ﬁeﬁg'%ﬁ?lpgﬁ’%ﬁ“qﬂﬁwsﬁ @t th glass
gl ass blmakichaubt@t&io4ed B¢ BhUBNLING SFen@fhehtholiH thi® EmbE&iShcht nﬁ]%}efore the glass
pref erabl e because the grinding process can be omtted, and also the

mac hi nisuigtratel fonangeetiondish evhypd] issfiviatig qbradneiss than abe haes hags@dchaRiaY strength,
good: Surface waviness is no nore than 10 nm_ Good: Surface wavi ness is

mor e t RBth? i@tnﬁffﬁ s guriacenpranash hettes dhan was pedeusbupessibde. wavi ness i s

nor e tt@% 0 nm [ 0093] The surface roughness is represented by

an arithmetic nmean roughness Ra defined in JI'S B0601: 2001 and, for
exanpl e, can[Maggi¥Hagikpd Wi th a roughness neasuring machi ne SV-3100

manuf actured by M tutoyo Corporation and cal cul ated by a nethod

defined in JTS: BeESNROAE fohengtdie disughprepaed sirogeh the prodeases Glef@ibepnbove.
and no nore t.han, 200 pm \hen a.result, the roughness is 0.03 pm

or | esé’:mf‘%}eth&%éﬁlfdﬁ &bbagied 1?6%%1‘@%%%% usB< 7 a6 i demoribed elai sHeprate for
pr obe H?agﬁéiﬁzcdm@ (atom c force m croscope) nanoscope manufactured by
Veeco InStrunments Inc. and can be cal cul ated by a nethod defined in

JI'S R1683: 200He mhagnétiredifi Bse fdr Rl atdoffiguraiiortin WhiE oh GhéBARkipal face of the
roughness Ra as neasured in a resolution o%u256 X 256 pixels in a

measur Blightubgirate, abfeasOanpdhrsivolayan sgubdasl viwslapgedmageets: lays (inagnetioaecording

surface _rqughness. of the glass. bl ank was 0.5 pmor less in all

exanpl BYCOTRPRTE Bt gad p SgkicanEiaterdrs hikeddmse SEdiF drogt tirudcaslgsest to the
the i npgrcigdigeent erential surfaces of the first die and the second

die are shape-transferred to the glass blank, so that the surface

roughness of Forhexaglphs shbkdiskaiesis domgahkced itto ta dvhaiasddr depositio® UpRIeISs, and the
of the inner circunferential surfaces of the first die and the second
di e. VWAdIsSvRdaysti therndedwing devds andulhmeagseie layver erelsagaemiallyedpposited in an Ar

. f al f i i .
can’ e SHRIE T A IR E sph i AfRaT R RbErled B B s ate adhesive
face apgepend R EkadpleERRGhdySHY 18d BE BRESAWih Sty HoP 02HipIk TaRIpebdded alloy

Thi ckness di mensi ons
may be used as the magnetic layer. Also, a CoPt-based alloy or FePt-based alloy having a Lig

ordered structure may be deposited to form a magnetic layer for heat assisted magnetic recording.

After the deposition described above, the protective layer is deposited using C;Hy by, for example, a
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CVD method, and subsequently nitriding treatment is performed to introduce nitrogen to the surface,
whereby a magnetic recording medium can be formed. Thereafter, the lubricant layer can be
formed by applying, for example, PFPE (perfluoropolyether) onto the protective layer by a dip
coating method.

[0077]

<Second Embodiment>

A method for manufacturing a glass blank for magnetic disk and a method for
manufacturing a glass substrate for magnetic disk according to this embodiment will be described in
detail below. The glass substrate for magnetic disk in this embodiment is the same as the glass
substrate for magnetic disk in the first embodiment. In the below description, only different parts
from the method for manufacturing a glass blank for magnetic disk and the method for
manufacturing a glass substrate for magnetic disk in the first embodiment are explained, and the
other repeated explanation may be omitted. In this embediment, a member 125 indicated as “a
thermally equalizing unit” in the first embodiment is indicated as “a temperature controlling unit”
for the sake of convenience.

[0078]

In the glass substrate of this embodiment, amorphous aluminosilicate glass can be also
preferably used as described in the first embodiment,
[0079]

In this embodiment, molten glass is press-formed with a press unit 120 provided with a
temperature controlling unit 125 having the same configuration as the thermally equalizing unit 125
in the first embodiment. The press unit 120 has the same configuration as in the first embodiment
except for indicating a thermally equalizing unit 125 in the first embodiment as a temperature
controlling unit 125. In this embodiment, the temperature controlling unit 125 is one example of
temperature controlling means for reducing a difference in temperature within the press forming
surface of the die. Like the thermally equalizing unit 125, the temperature controlling unit 125
may be formed of copper, a copper alloy, aluminum, an aluminum alloy or the like, and may be
formed of silver, extra super duralumin or the like.

[0080]

Press forming in this embodiment will be described below with reference again to FIG. 4

(a) to (c) which are described above.

[0081]
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As illustrated in FIG. 4 (2), a molten glass material Lg continuously flows out from the
molten glass outflow port 111. At this point, the cutting unit 160 is driven at predetermined timing
to cut the molten glass material Lg using the cutting blades 161 and 162 (FIG. 4 (b)). Therefore,
the cut molten glass becomes a substantially spherical gob Gg due to a surface tension thereof.
Adjustment of the outflow quantity per time of the molten glass material Lg and the driving interval
of the cutting unit 160 may be appropriately performed according to a volume determined by the
target size and thickness of the glass blank G.

[0082]

The made gob Gg falls down toward a gap between the first die 121 and second die 122 of
the press unit 120. At this point, the first driving unit 123 and the second driving unit 124 (see FIG.
4) are driven such that the first die 121 and the second die 122 come close to each other at the
timing the gob Gg enters the gap between the first die 121 and the second die 122. Therefore, as
illustrated in FIG. 4 (c), the gob Gg is captured (caught) between the first die 121 and the second die
122.  An inner circumferential surface 121a (press forming surface) of the first die 121 and an
mner circumferential surface 122a (press forming surface) of the second die 122 come close to each
other with a micro gap, and the gob Gg sandwiched between the inner circumferential surface 121a
of the first die 121 and the inner circumferential surface 122a of the second die 122 is formed into a
thin-plate shape. A projection 121b and a projection 122b are provided in the first inner
circumferential surface 121a of the first die 121 and the second inner circumferential surface 122a
of the second die 122, respectively, in order to keep the gap between the inner circumferential
surface 121a of the first die 121 and the inner circumferential surface 122a of the second die 122
constant. That is, the projection 121b and the projection 122b abut against each other, whereby the
gap between the inner circumferential surface 121a of the first die 121 and the inner circumferential
surface 122a of the second die 122 is kept constant, so that a plate-shaped space is generated.

Press forming is performed using a pair of dies 121 and 122 in the press forming process in
press forming in this embodiment, and the outer shape of the glass blank is not restricted by the
shape of the die. That is, as illustrated in FIG. 4 (c), the gob stretched by closed dies does not
reach projections 121b and 122b.

As illustrated in FIG 4 (c), heat transferred to central portions of inner circumferential
surfaces 121a and 122a from the gob Gg is discharged to outside through the temperature
controlling unit 125 in accordance with a flow of heat illustrated by the arrow in the figure.

[0083]
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A temperature control mechanism (not illustrated) is provided in each of the first die 121
and second die 122, and temperatures at the first die 121 and second die 122 is retained lower than
the glass transition point T of the molten glass Lg. The temperature control mechanism controls
the cooling rate of the gob Gg sandwiched between the inner circumferential surface 121a of the
first die 121 and the inner circumferential surface 122a of the second die 122 so that a difference in
temperature on a surface of the gob Gg (e.g. between the circumferential edge portion and the
central portion of the surface of the gob Gg) is reduced. In the control, the cooling rate of the gob
Gg is increased or reduced. Therefore, the temperature control mechanism may have a cooling
mechanism including, for example, a path of a liquid, a gas or the like having a cooling effect, or a
heating mechanism such as a heater. The temperature controlling unit 125 may be configured as
the temperature control mechanism. Since the cooling rate of the gob Gg is controlled, necessity
of the annealing treatment of the glass blank can be eliminated. For example, generation of the
in-plane strain can be prevented by lowering the cooling rate. The reasons for this are as follows.
In short, heat conductivity of glass is generally lower than that of metal, so that the heat is difficult
to transfer internally in glass. When transfer speed of heat of glass to the dies is lowered, time for
transferring the heat uniformly internally in the glass can be spared, and thus difference in
temperature in the interior of the glass becomes small, so that the deformation cannot occur easily.
One example of control of the cooling rate of the gob Gg will be described later.

Further, it is not necessary to attach a mold release material to the first die 121 and the
second die 122 in the press forming process, since the press forming can be finished in an extremely
short time, and the wide surface of the dies can cool the glass quickly such that the die is not over
heated, and therefore the glass and the die are not fused to each other..

[0084]

It is preferable that the temperature of the inner circumferential surface of the die at the
time of press-forming the gob Gg is substantially uniform because the glass blank obtained after
press forming has a good flatness. Particularly, it is preferable to decrease a difference in
temperature of the inner circumferential surface (press forming surface) by efficiently discharging
heat from the gob Gg, which is easily confined in the central portion of each of inner
circumferential surfaces 121a and 122a, to outside. This is because when a difference in
temperature of the inner circumferential surface of the die during press forming is decreased, the
temperature of the central portion and the temperature of the circumferential edge portion of the

inner circumferential surface are almost identical, so that the central portion and the circumferential
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edge portion of the gob Gg can be solidified almost at the same time.

Since the temperature of the central portion and the temperature of the circumferential edge
portion of the inner circumferential surface are almost identical, an internal strain (in-plane strain)
by a compressive stress directing from the circumferential edge portion to the central portion of the
press forming surface can be prevented from being generated in the press-formed glass blank.

Thus, by reducing a difference in temperature of the inner circumferential surface of the
die during pressing of the glass blank using the temperature controlling unit 125, flatness required
for the glass substrate for magnetic disk can be achieved, and the central portion and the
circumferential edge portion of the gob Gg can be solidified at the same time, thereby preventing
in-plane strain. For example, if the flatness required for the glass substrate for magnetic disk is 4
pm, press forming is performed while the temperature of the inner circumferential surface is kept
substantially uniform, e.g. a difference in temperature between the central portion and the
circumferential edge portion is kept at 10°C or less. Generation of the in-plane strain of the glass
blank is best prevented when a difference in temperature between the central portion and the
circumferential edge portion is 0°C, but the difference in temperature may be appropriately
determined according to the size of the glass blank G formed, the composition of the glass, and so
on.

The difference in temperature of the inner circumferential surface is a difference in
temperature which is the largest of differences in temperature between the central portion and each
circumferential edge portion as measured using a thermocouple at a point which 1s located 1 mm
from the front face of inner circumferential surface of the die to the inside of the die and
corresponds to each of the central portion and a plurality of circumferential edge portions of the
inner circumferential surface (e.g. a point corresponding to the central position of a glass blank
having a diameter of 75 mm and upper and lower and left and right four positions on the
circumference of a circle centered on the aforementioned point and having a radius of about 30
mim).

In this embodiment, the central portion and the circumferential edge portion of the surface
of the gob Gg can be solidified almost at the same time because press forming is performed while
the cooling rate of the molten glass is controlled so that a difference in temperature on the surface of

the gob Gg is reduced. Therefore, it is not necessary to provide the temperature controlling unit
125.

[0085]
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[ 0095] It is apparent from Table 1 that a gl ass bl ank having

a good surface waviness is prepared by reducing a difference in
tenperature between the central portion and the circunferential edge
portion of the inner circunferential surface of a pair of dies.
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stress extending from the circumferential edge portion toward the central portion of the surface of
the gob Gg 15 generated in the glass blank formed by press forming of the gob Gg. Thus, in this
embodiment, the cooling rate is controlled by the temperature control mechanism in the period
during which the temperature of the gob Gg during press forming falls from a glass transition point
(Tg) to a strain point. In the example illustrated in FIG. 9, when a glass blank having a diameter of
75 mm and a thickness of 0.9 mm is manufactured, the cooling rate of the gob Gg is controlled to a
moderate cooling rate of about -8 to -2°C in the period during which the temperature of the gob Gg
falls from the glass transition point (Tg) to the strain point. In this case, a difference in
temperature on the surface of the gob Gg is reduced, so that the size of the strain generated in the
glass blank can be decreased.

The temperature of the gob Gg may be measured using a thermocouple at a point which is
located 1 mm from each of the front faces of the inner circumferential surface 121a of the first die
121 and the inner circumferential surface 122a of the second die 122 to the inside of the die and at
which the inner circumferential surface 121a and the inner circumferential surface 122a face each
other (e.g. a point corresponding to the central position of the glass blank and central points of the
inner circumferential surface 121a and the inner circumferential surface 122a).

The time course of the temperature of the gob illustrated in FIG. 9 is intended for
explaining one example of control of the cooling rate of the gob Gg, and the cooling rate of the gob

Gg may be appropriately controlled according to the composition of the glass and the size of the
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Second polishing process: polishing was performed using coll oi dal

silica (average particle size: 0.1 pmin dianmeter) and a soft

ur et hane pad. Machining allowance was 1 pm [0097] Next ,
recording | ayers were deposited on the gl ass substrates for magnetic

di sk, @lischlaplafpredén prepared based on the gl ass bl anks of

Corrparqugﬁ Exanpl e and Exanples 1 and 2, to prepare magnetic di sks
(Comparative Exanple A Exanple | A and Exanpl e 2A, respectively). The
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nmat 3¢ P& IS YRBMETRETE SPVARR bR RRRPTIN P Soe8 BRoPd dr Vel £pe- WiEfagg roushness
deposi {&dirkd & thObH 1 |
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by a defppedebsigygedes Hisdurpoposehngsy af thetglew Wmkpndindic nrewsi formige process, press

Exanpl . t he etic. di sks .of arati.ve | e..and., .
xanpl amine gy be o8 Tl IR MR s RBORR S e G BFR, Ta s even
( Dynanbéitdrlty chb@k@uth ipadifthaiienh pdhor HmheGonducsedeysding MsiPRduced.
tester (Head/Di sk Flyability Tester) manufactured by Kubota Conps

Cor por dhémwfore,| thet glrss blask ,obtdngede bre then prepo rfointing | wogmsa didi athisy empbatimatedan be
by a DFH gf[%chani S and contagt thereof with the surface of magnetic
di sk i DARRRERFEGWIe nReSAY CAGOUEsSE CEMAshingly theanusipat ice hepaitsy the surface
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Tenper gl Br haghttl ik Whi8O 4299 Yotained is thin, and has a high mechanical strength,
and flatness higher than was previously possible.

In this embodiment, the molten glass can be solidified without causing an in-plane strain
by controlling the cooling rate of the molten glass so that a difference in temperature on the surface
of the molten glass. Accordingly, in this embodiment, a glass blank for magnetic disk and a glass
substrate for magnetic disk, the internal strain of which is reduced, can be manufactured without
performing annealing treatment.

[Examples]
33



Results of the DFH touch-down test are illustrated in Table 2. In

Tabl e 2, evaluations were nmade as descri bed bel ow according to the
protrusion anmount of the head el enent portion. It is preferable to
have a 6)rotrusi on amount of 8 nmor nore for achieving a recording
densi t y0U@¥©]1320 GB/ P. Good: Protrusion anount 8 nrn Poor: Protrusion

SRS R T S L —
present invention is not limited to aspects described in Examples.
[0090]
< First Example >

- Preparation of Molten Glass

Raw materials were weighed so as to obtain a glass having the following composition, and
mixed to obtain a mixed raw material. This raw material was put in a melting vessel, heated,
melted, clarified and stirred to prepare a homogeneous molten glass free from foam and an
unmelted substance. Foam and an unmelted substance, deposition of crystals, and contaminants
such as a refractory material and platinum forming the melting vessel were not observed in the glass
obtained.

[Composition of glass]

Amorphous aluminosilicate glass having a compostition including 50 to 75% of SiO,, 1 to
15% of AL,Os3, 5 to 35% in total of at least one component selected from Li;O, Na,O and K,O, 0 to
20% in total of at least one component selected from MgQ, CaO, SrO, BaO and ZnO and 0 to 10%
in total of at least one component selected from ZrO,, TiO,, Lay0s, Y,0s, Tay0s, Nb.Os and HfO,
in an oxide-based conversion indicated in mol%.

[0091]

The above-described molten glass was provided, and a glass blank having a diameter of 75
mm and a thickness of 0.9 mm was prepared using a press forming method of the present invention
(method using the apparatus in FIGS. 3 and 4). The temperature of a molten glass material Lg
discharged from a molten glass outflow port 111 is 1300°C, and the viscosity of the molten glass
matenal Lg at this time is 700 poises. The surface roughness (arithmetic mean roughness Ra) of
the mner circumferential surfaces of a first die and a second die throughout the surface was 0.01 um
to 1 pm, specifically 0.1 um. Further, the first die and the second die are formed of an ultrahard
alloy (e.g. VM40). Copper was used as a thermally equalizing unit.

The molten glass material Lg discharged from a molten glass outflow port 111 is cut by a
cutting unit 160, so that a gob Gg having a thickness of about 20 mm is formed. The gob Gg was
pressed under a load of 3000 kgf by a press unit until the gob Gg had a temperature equal to or
lower than the glass transition point (Tg) of the molten glass material (about 3 seconds), so that a

glass blank having a diameter of 75 mm was formed.
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Good [0101] As evident from Table 2, the protrusion anount of

the DFH head could be sufficiently increased even though the grinding
process was omtted for Exanples 1A and 2A. That is, for Exanples | A

and 2A, setting the difference in tenperature within the surface of

the di e bei nfhediffarence0@ tmpeeadure int theouindr racenferéntiabdutfheet ofi the alés during

substrate.for etic disk, whic as.a.good .atness .and surface

r gug hnBESS1n 1§ ag? &nﬁ‘iﬁgceamd%ﬁefﬁiﬁﬁ ‘FE]&Q IS the dqtesst 8{1‘%1%%{@80%“ SHRRETHEES REhween the

the gl @élﬁraisg %B& ehch élﬁ:ruﬁﬁgrehMI%d? WOH%%& d TR aatﬁéﬁﬁo%guﬁg @Pa point
e ) pon cofpar i ng

t hough 't r|n I'ng process I's omt

Exanpl ehichAs Riedte@ A riui fiooh eheddiRifdce dffienep cRburmifietialbdidaod obthe dicdtopheinside of
2A only can be 8 5 rimor nore. This is estimated that the surface
wavi nells & andecasteapends| targach tnfhe eestnall 11’@‘?1011 ¢od tehplurglite of| arsymierential edge

substr at for netic.dis wavi ness

= Secontiegtingf B8 Wik SuPur el Siiice e SO PR Birapdiils g0 the centa
wei ghe os‘%ﬁ’or@§f 4 81280 BHI0 havifh a%Far@¥ 5974 Bn hid {1%& Agd @(ﬁﬂ&%ﬁtlbﬂ And §3Ht four
mxed to obtain"a mxed raw nmaterial. This raw material was put 1n

mel t i ngosrgesain, thé eatienleramed vLd cirdb aentéicé dnamdafetanienednddopginteqperhaviag a radius
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of gl a&ﬁﬂerencg iifi $ém$dr@A6% between the central portion and the circumferential edge portion in the
inner circumferential surface of the die.

In this Example, when a flatness required for the glass substrate for magnetic disk was 4
um, a difference in temperature between the first die and the second die was set at 10°C in each
press unit for achieving this flatness. Specifically, the temperature of the first die was set at 420°C,
and the temperature of the second die was set at 411 to 429°C.

[0092]

[Evaluation of glass blank prepared in Example]

For the plate-shaped glass blank having a diameter of about 75 mm, which had been
prepared in Example, the flatness and the surface roughness (arithmetic mean roughness Ra) were
measured.

Here, the surface waviness was defined as a PV value (Peak - Valley value: maximum
elevation difference) when the principal surface (entire surface) of the glass blank was measured in
a component having wavelength of 5 mm or less in surface property. The surface waviness can be
measured using, for example, OPTIFLAT manufactured by Phase Shift Technology, Inc., which is a
white light interference microscope-type surface shape measuring apparatus. It should be noted
that data of the surface waviness which cannot be correctly measured due to low reflection rate of
light such as a part vicinity of the edge portion needs to be eliminated. In such a case, the
measurement area may be a circle of 65 mm in diameter, for example. The surface waviness may
also be calculated by cutting a waviness having a wavelength longer than 5 mm with the cutoff
value set at 5 mm using a different measuring apparatus. Evaluation criteria for the surface

waviness illustrated in Table 1 are as follows.
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[0096]

[Preparation of glass substrate for magnetic disk in Example]

Using the glass blanks of Comparative Example and Examples 1 and 2 described above,
processes of Steps S20 (scribing), S30 (shape processing), S50 (edge polishing), S60 (first
polishing), S70 (chemically strengthening) and S80 (second polishing) illustrated in FIG. 2 were
sequentially performed to prepare glass substrates for magnetic disk, respectively. That is, the
glass substrate for magnetic disk was prepared without performing the process of grinding the
principal face for improving the flatness.

In preparation of the glass substrate for magnetic disk, the processes of first polishing and
second polishing were performed under the following conditions.

- First polishing process: polishing was performed using cerium oxide (average particle
size: 1 to 2 pm in diameter) and a hard urethane pad. Machining allowance was 10 um.

- Second polishing process: polishing was performed using colloidal silica (average

particle size: 0.1 pum in diameter) and a soft urethane pad. Machining allowance was 1 pm.

[0097]
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Exanpl e 3B In Exanple 3B illustrated in Table 3, a glass blank
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press unit hermal i nsu I ng t ckness
mat er i ahdeofyiigieydrhe ptifdipil isdvr@h@tayer, a.nd an auxiliary recordmg layer a protective layer and

a lubricant layer were sequentially deposited in an Ar atmosphere by a DC magnetron sputtering
method using an evacuated deposition apparatus. The Ar gas pressure at the time of deposition
was 0.6 Pa unless otherwise specified. As the adhesive layer, Cr-50Ti was deposited in a thickness
of 10 nm. As the soft magnetic layer, layers of 92Co-3Ta-5Zr were each deposited in a thickness
of 20 nm with a Ru layer of 0.7 nm interposed therebetween. As the pre-underlying layer, Ni-5W
was deposited in a thickness of 8 nm. As the underlying layer, Ru was deposited in a thickness of
10 nm at 0.6 Pa, and Ru was deposited thereon in a thickness of 10 nm at 5 Pa. As the principal
recording layer, 90(72Co-10Cr-18Pt)-5(810,)-5(TiO,) was deposited in a thickness of 15 nm at 3 Pa.
As the auxiliary recording layer, 62Co-18Cr-15Pt-5B was deposited in a thickness of 6 nm.  As the
protective layer, a layer was deposited in a thickness of 4 nm using C;H4 by a CVD method, and the
surface layer was subjected to nitriding treatment. As the lubricant layer, a layer was formed in a
thickness of 1 nm using PFPE by a dip coating method.
[0098]

[Evaluation of magnetic disk of Examples]

For the magnetic disks of Comparative Example and Examples 1 and 2, a touch-down test
(DFH touch-down test) of a DFH (Dynamic Fly height) head element portion was conducted using
an HDF tester (Head/Disk Flyability Tester) manufactured by Kubota Comps Corporation. In this
test, the element portion is gradually protruded by a DFH mechanism, and contact thereof with the
surface of magnetic disk is detected with an AE (Acoustic Emission) sensor to thereby evaluate a
protrusion amount when the head element portion comes into contact with the surface of the
magnetic disk. As the head, a DFH head for 320 GB/P magnetic disks (2.5 inch size) was used.
A flying height when the element portion is not protruded is 10 nm. That is, for example, the head
flying height is 2 nm when the protrusion amount is 8 nm. Other conditions were set as described

below,
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[0106] [ Eval uation of glass blank prepared in Exanpl e] First,
the flatness of the glass blank having a dianeter of 75 nm which had
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[ Table 3] dass transition point (Tg)

Upon comparing Examples 1A and 2A in more detail, the protrusion amount of Example

2A only can be 8.5 nm or more. This is estimated that the surface waviness of the glass blank is
much smaller, so that the glass substrate for magnetic disk has small surface waviness.
[0102]
<Second Example>
- Preparation of Molten Glass

Raw materials were weighed so as to obtain a glass having the following composition, and
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Strain point Cooling rate Flatness before heating Flatness after
heati ng Anount of change in flatness before and after heating

mixed to obtain a mixed raw material. This raw material was put in a melting vessel, heated,
melted, clarified and stirred to prepare a homogeneous molten glass free from foam and an
unmelted substance. Foam and an unmelted substance, deposition of crystals, and contaminants
such as a refractory material and platinum forming the melting vessel were not observed in the glass
obtained.

[Composition of glass]

- First Glass

Amorphous aluminosilicate glass having a composition including 50 to 75% of SiO,, 1 to
15% of AlyOs, 5 to 35% in total of at least one component selected from Li,O, Na,O and K,0, 0 to
20% 1in total of at least one component selected from MgO, CaO, SrO, BaO and ZnO and 0 to 10%
in total of at least one component selected from ZrO,, TiO,, La;Qs, Y204, TazOs, Nb,Os and HfO,
in an oxide-based conversion indicated in mol% (hereinafter, referred to as a first glass
composition).  The second glass as a glass for preparing a glass blank, glass substrate and
magnetic disk for a heat assisted magnetic recording system had the following composition.

- Second Glass

Amorphous aluminosilicate glass having a composition including 50 to 75% of Si0O,, 0 to
5% of Al,Os, 0 to 3% of Li,0, 0 to 5% of Zn0, 3 to 15% in total of Na,O and K,0, 14 to 35% in
total of MgO, Ca0Q, Sr0O, and BaO and 2 to 9% in total of ZrO,, TiO,, La;Os, Y203, YbyO3 TayOs,
Nb;Os and HfO, in an oxide-based conversion indicated in mol% (hereinafter, referred to as a
second glass composition)

Further, the first glass composition was configured so that the thermal expansion
coefficient of the glass substrate for magnetic disk at a temperature of 100 to 300°C was 98 x
107(K’"). The second glass composition was configured so that the thermal expansion coefficient
of the glass substrate for magnetic disk at a temperature of 100 to 300°C was 80 x 107(K™").
When the thermal expansion coefficient is 50 x 107(K™) or less, the internal strain generated in the
glass blank after press forming tends to be small, and therefore the degree of deterioration of the
flatness is low after a rapid heating treatment described later is performed. When the thermal
expansion coefficient is less than 30 x 107(K™") , the thermal expansion coefficient of the glass is
smaller than that of a spindle in a hard disk device. This is not preferable because during
operations of the hard disk device, the magnetic disk and the spindle may strongly fit together to
break the magnetic disk.

When the glass blank, glass substrate and magnetic disk for a heat assisted magnetic
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Conpar ati ve exanple 1 510C 490C -12C/ second 3.8 pm8.8 pm5.0 pm
Conparative exanple 2 510C 490C

recording system are prepared, it is preferable to compose the glass so as to have a glass transition
point (Tg) of 600°C or higher. This is because a period of time changing from molten state to
solid state (around the glass transition point Tg) is shorter and the cooling rate tends to be higher as
the glass transition point (Tg) becomes higher. Therefore, with such glass composition, it is
generally difficult to control internal strain of the glass. When using such glass, the manufacturing
method of the present embodiment is particularly preferred. In view of the above, the glass
transition point (Tg) in Examples 4B to 6B was 670°C.

Further, the thermal expansion coefficient in each Example was in the range of 50 to 100 x
107(K™.

[0103]

The above-described molten glass was provided, and a glass blank having a diameter of 75
mm and a thickness of 0.9 mm was prepared using a press forming method of the present invention
(method using the apparatus in FIGS. 3 and 4). The temperature of a molten glass material Lg
discharged from a molten glass outflow port 111 is 1300°C, and the viscosity of the molten glass
material Lg at this time 1s 700 poises. The surface roughness (arithmetic mean roughness Ra) of
the inner circumferential surfaces of a first die and a second die was 0.1 um to 1 um. Further, the
first die and the second die are formed of an ultrahard alloy (e.g. VMA40) in a thickness of 10 mm.

Copper in a thickness of 20 mm was used as a temperature controlling unit. In this case, a
difference in temperature of the inner circumferential surface of the die is 10°C or less. The
difference in temperature of the inner circumferential surface is a difference in temperature which is
the largest of differences in temperature between the central portion and each circumferential edge
portion as measured using a thermocouple at a point which is located I mm from the front face of
inner circumferential surface of the die to the inside of the die and corresponds to each of the central
portion and a plurality of circumferential edge portions of the inner circumferential surface (e.g. a
point corresponding to the central position of a glass blank having a diameter of 75 mm and upper
and lower and left and right four positions on the circumference of a circle centered on the
aforementioned point and having a radius of about 30 mm).

The molten glass material Lg discharged from a molten glass outflow port 111 is cut by a
cutting unit 160, so that a gob Gg having a thickness of about 20 mm is formed. The gob Gg was
pressed by a press umt under a load of 3000 kgf until the gob had a temperature equal to or lower
than the strain point of the molten glass material (about 5 seconds), so that a glass blank having a

diameter of 75 mm was formed.
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-16C/ second 4.0 p.m14.1 pm 10.1 pm Exanple 1 510C 490C - 2C/ second
3.8 p.m3.9 pmO0.1 pm Exanple 2 510C

In this Example, the temperature of the first die was set to the strain point - 20°C, and the
temperature of the second die was set to the temperature of the first die + 10°C (strain point -10 to
-30°C). The reason why the minimum temperature of the die was set to the strain point -30°C is
that when pressing is performed at a too low temperature, the glass may be broken during pressing.

In this Example, it is preferable that the cooling rate of the molten glass material during
press forming is arbitrarily controlled in a range of -8 to -2°C/second in the period during which the
temperature of the molten glass moves from the glass transition point (Tg) to the strain point. This
cooling rate is determined by measuring a temperature for 60 seconds including time before starting
pressing and after the die is released at a point which is located 1 mm from the front face of the
mnner circumferential surface of the die to the inside of the die, and by calculating ratio of a
temperature change to the measurement time, specifically, a temperature change within a time
period from the detected temperature of the glass transition point (Tg) to the detected temperature
of the strain point. In the present invention, the detected temperature described above and the
temperature of the glass blank is the same,

[0104]

[Examples and Comparative Examples]

- Comparative Example 1B

In Comparative Example 1B illustrated in Table 3, a glass blank was prepared using a
molten glass having a first glass composition. The molten glass had a glass transition point (Tg)
of 510°C and a strain point of 490°C. The cooling rate of a molten glass material was controlled
to -12°C/second.

- Comparative Example 2B

In Comparative Example 2B illustrated in Table 3, a glass blank was prepared using a
molten glass having a first glass composition. The cooling rate of a molten glass material was
controlled to -16°C/second.

- Example 1B

In Example 1B illustrated in Table 3, a glass blank was prepared using a molten glass
having a first glass composition. The cooling rate of a molten glass material was controlled to
-2°C/second.

- Example 2B

In Example 2B illustrated in Table 3, a glass blank was prepared using a molten glass

having a first glass composition. The cooling rate of a molten glass material was controlled to
42



p.mO0.4 p. m Exanple 3 510C 490C

490C -4C/second 2.8 p.m3.2
p.mO0.8 pm Exanple 4

-8C/second 3.1 pm 3.9

-4°C/second.

- Example 3B

In Example 3B illustrated in Table 3, a glass blank was prepared using a molten glass
having a first glass composition. The cooling rate of a molten glass material was controlled to
-8°C/second.

- Example 4B

In Example 4B illustrated in Table 3, a glass blank was prepared using a molten glass
having a second glass composition. The cooling rate of a molten glass material was controlled to
-2°C/second.

- Example 5B

In Example 5B illustrated in Table 3, a glass blank was prepared using a molten glass
having a second glass composition. The cooling rate of a molten glass material was controlled to
-4°C/second.

- Example 6B

In Example 6B illustrated in Table 3, a glass blank was prepared using a molten glass
having a second glass composition. The cooling rate of a molten glass material was controlled to
-8°C/second.

[0105]

The cooling rate from the temperature of the glass transition point (Tg) to the temperature
of the strain point was controlled by covering the press unit with a thermal insulator and adjusting
the thickness or material of the thermal insulator.

[0106]

[Evaluation of glass blank prepared in Example]

First, the flatness of the glass blank having a diameter of 75 mm, which had been prepared
in Example, was measured. Next, the glass blank was subjected to a rapid heating treatment to
elevate the temperature from room temperature to Tg for 20 seconds, retained for 10 seconds, and
then gradually cooled for 10 minutes until the glass blank reached room temperature. Thereafter,
the flatness and surface roughness (arithmetic mean roughness Ra) were measured, and an amount
of change in flatness before and after the rapid heating treatment was determined. This rapid
heating treatment is intended for a deposition treatment in the heat assisted magnetic recording
system.

The flatness can be defined as a difference on the normal axis between the lowest position
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670C 660C -2C/second 3.5 p.m3.6 pmO0.1 pm Exanple 5 670C 660C
-4C/second 3.1 pm3.4 p.m0.3 p. m

(trough) and the highest position (crest) on the principal plane of the glass blank when viewed from
a fixed height on the normal axis from the horizontal plane with the glass blank placed on the
horizontal plane. The flatness was measured using, for example, Flatness Tester FT-900
manufactured by NIDEK CO., LTD. Evaluation criteria for the flatness illustrated in Table 3 are
as follows. It is preferred that the flatness of the glass blank is 8.0 pm or less in the following
criteria because the flatness can be improved to a level of 4 pm or less, which is a target flatness of
the glass substrate for magnetic disk. [t is preferred that the flatness of the glass blank is 4.0 pm or
less because the target flatness of the glass substrate for magnetic disk can be achieved even if the
grinding process is omitted.

[0107]

The surface roughness is represented by an arithmetic mean roughness Ra defined in JIS
B0601:2001 and, for example, can be measured with a roughness measuring machine SV-3100
manufactured by Mitutoyo Corporation and calculated by a method defined in JIS B0633:2001
when the roughness is no less than 0.006 pm and no more than 200 um. When as a result, the
roughness is 0.03 pm or less, for example, the roughness can be measured with a scanning probe
microscope (atomic force microscope; AFM) nanoscope manufactured by Veeco Japan Inc. and can
be calculated by a method defined in JIS R1683:2007. In the present application, an arithmetic
mean roughness Ra as measured in a resolution of 256 x 256 pixels in a measurement area of 10 pm
x 10 pm square was used.  As a result, the surface roughness of the glass blank was 0.5 um or less
in all examples. This is because regardless of the temperature of the die, the inner circumferential
surfaces of the first die and the second die are shape-transferred to the glass blank, so that the
surface roughness of the glass blank is comparable to the surface roughness of the inner
circumferential surfaces of the first die and the second die. When the arithmetical mean roughness
Ra is 0.1 um or less, target surface properties of the glass substrate for magnetic disk can be

obtained by omitting the grinding process to the principal face and performing the polishing process

directly.
[0108]
[Table 3]
Glass . Flatness | Flatness Amqunt of
. Strain . change in flatness
transition . Cooling rate before after f
oint (Tg) point heating heating before a1.1d atter
P heating
Comparative |\ = oy n0r | 490ec | -12°C/second | 3.8um | 8.8 um 5.0 um
example 1

44



Exanple 6 670C 660C -8C/ second 2.9 pm3.5 p.mO0.6 p.m [0109]
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change[(109f | at ness before and after heating was smaller when the

glass transition point (ng was 670C. The reason for this is not _
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of the secqond gl ass . was | ower. As.descgribed above, by using the.glass ...
bl ank RGN PATRNATE PR dte SR s TBr Mty st IR B rmes This
magnet j1Q; s Knat ask BlaAk NBE il dirallf oVIER was rdBEME 85 pfPBrel®y press forming.
obt ai ned wi thout perform ng the annealing treatnent. As a{}

resul t Parhatlatihevlenahe edté oficondiag obithrei redt tenuslass bt thelhpass ammsitanpoiht ©rthe strain
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(Tg) oPoighpes coetrelicd todrie: -25geesontneghss bl ainyingra eert flptapsnpofongmng after
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and 0.6 pcm respectively. Consequently, when the anount of change

bef or ecannllad tte -2 WEscomd) a\glesscidapahadng theebahemotntod! dhlaagygm fAetsess before and
smal l er_and better in order of (1) 670C, 650C, (2) 600C, (3) 510C of

gl ass f‘ﬁ%ﬂ’&?‘ﬁ%ﬂ%@?tﬂpe Tg) .

Furthermore, as 1s apparent from comparing Examples 2B, 3B and Example 5B, and 6B,
when the cooling rate was the same, the amount of change in flatness before and after heating was
smaller when the glass transition point (Tg) was 670°C. The reason for this is not clear; however,
1t 1s presumed that the thermal expansion coefficient of the second glass was lower.  As
described above, by using the glass blank described above, a glass substrate for magnetic disk and a
magnetic disk, the internal strain of which is reduced, can be obtained without performing the
annealing treatment.

As a result that the evaluation was carried out under the same condition as in Example 3B
except for using glass having glass transition point (Tg) of 600°C (Strain point: 590°C, thermal
expansion coefficient: 85 x 107(K™")) and glass having glass transition point (Tg) of 650°C (Strain
point: 640°C, thermal expansion coefficient: 81 x 107(K™)), the amount of change in flatness
before and after heating was 0.7 pm and 0.6 pm, respectively. Consequently, when the amount of
change before and after heating was compared, the amount of change was smaller and better in
order of (1) 670°C, 650°C, (2) 600°C, (3) 510°C of glass transition point (Tg).
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[0110] <Third Exanpl e> Because the above described the first
exanpl e and the second exanple can control the tenperature within the
press formng surface at the tine of press formng by use of sane

menbers (thermally equalizing unit 125, tenperature controlling unit

125), aThirdE&zamplenk can be prepared in such a manner that the first
exanpl e and fhe second exanpl r ined. S ific%%L§ Wit h

ref erence toh%ﬁ%ﬁ?sgﬂetcgg%%egvﬁ%ﬁggbﬁaf@& Eﬁggwl SFCpRehpiailg can control the
bet wee ey G@ntah ROPesORARE fPGcLithy mrﬁr&rsyrés@'f € bPREL bR b
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change_ifn f1 s bef d_after.deating, was not .changed. That i

oo 2o o B o B wo KRR 8 s en R B phfgn and
amount (Qf ciiARGentidd et AP RS oPRE YL Qs #ichiAd LiftacB @Rtk Mhe JMbRadiSs the glass blank
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of the nplten glass over the tinme fromstarting of contact to
rel eas ﬂ%f?r}csmf%%bﬂ & & leshin Geeh easat r Buthsamets, thp, airfase vayinese mepde i 49 nm.
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and t heo@tewrékanivhith 18d66d ROGUA08 wakinkeariDdnh R ht OF 38 gWas flatness before and
generated i mediately after the nolten glass cane into contact with

t he pr e8er legting.ngllys rsfhagause[tige dafing rate was Theirdledddielminase if strhig in the plane at
present. i nvention, hav een described. in detail, _ but the nethod for.

Tenuf adUFG! B OHhE MECRBITHAGH SLRT PSR, Oft He Thelicodapapver the time from

manuf a ' : netd [ I a :
Tor ashHi 8 et o SUBRUER Bl e TN Sl ShirghF 1858 D Blrence i
magnet it@nisbratkredig e Gbimgpdriodshat the BaRNIT relRYSng fiom mkeealig)ah shitditaed difference in
t he af orementi oned enbodi nents, and it is needless to say that

var i oudcppsatieciay therrsnupldrariamged thayirgunissanéahpdgsopartiore parthe mylten atass was

1 o seu S BR e Te SRt o BiReT i iy met i gefce.
unit, ;an rature controlling unit 126.. .Second thermally equali zing

unit, Second tenperature controlling unit Wat is clained is:
The embodiments of the present invention have been described in detail, but the method

for manufacturing a glass blank for magnetic disk, the method for manufacturing a glass substrate
for magnetic disk, the glass blank for magnetic disk, the glass substrate for magnetic disk and the
magnetic disk according to the present invention are not limited to the aforementioned
embodiments, and it is needless to say that various modifications and changes may be made without
departing from the spirit of the present invention.

[Reference Signs List]

[0112]

1...Glass substrate for magnetic disk

125... Thermally equalizing unit, Temperature controlling unit

126...Second thermally equalizing unit, Second temperature controlling unit
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1. A nethod for manufacturing a glass blank for magnetic disk, the

met hod conprising a form ng process of press-formng a |unp of nolten
glass using a pair of dies to obtain a sheet glass material, wherein

in the form ng process, a difference in tenperature in a press

f or mi nY/labisfdmmedds:ithe die is controlled so that the surface wavi ness

of the sheet gl ass teri IS equal t O.rimor less. . 2. Th .
met hod ' or rrGeaed i W@m?aﬁrlag% cifemtpdl g hatetie Giiks KncEeHio8 segising 2
claim ' . i 7] r . di ff '
ooy S bR A bR ER R SR g RS Rae
press fmatenial) gviwif &c theabhivg pheabd, Agliffbengy BSsmbematird th & prdsaé@mingsurface of
The met hod for manufacturing a glass blank for magnetic disk

accor dthgglie és eangiolted sethap thepisfase waviness Retheethest Pepsanateiisigs eeva do 3§ nm or
a heat,sink. 4. The method for manufacturing a glass blank for
nagnetk%&disk according to claim3, wherein the heat sink is provided

on at least a part of the surface opposite to the press formng

surface. 5. The nmethod for manufacturing a glass blank for nagnetic

di sk azcor di fige tretlodafon sanufhwneng at gesshidatnk $ominagsetiar divk decobrdimgt toatlaim 1,
anount of heat exhausted froma central portion of the nolten gl ass _

i s | ar YEpretmE bt cqvadigingnacasy ednges ribp diffgrencgga tgepeiabe dp thgypress forming

ranu ot S Ry Pl iR s R e el EndlE R Bl g o e

claims 1 to 5 wherein in the formng process, the falling |unp of

nolten glass is press-fornmed using the pair of dies froma direction

ort hogdnal t'6he tethod|fbi mgnafaceong erglass blankher meghad disk acranii@et clainng or 2,
a glass, bl ank for net|.c. di sk accaording to any one of clains 1 to

6, whelBFEH eﬂﬁ@”&i&ﬁ?ﬁﬁmﬁg@@@g%ﬁfﬁW@%@“?orning is performed so that

the tenperature of the press formng surface of the pair of dies is
substantially the same. 8. The method for manufacturing a glass bl ank

for magneti CThE $hetlaRiC & dnigh fh@uaiy aOglssObladid forC hdih@icldisl aleordh@l ® Mlaim 3,
the thermal expansion coefficient at 100C to 300C of a glass bl ank

obt ai nedergin the lpabsisk fip pravided en phleastrange obthedgurfage pPPosite10-th¢ Kirgss forming
9. The t hod for manufacturing a glass blank for nagnetic disk

accor df'iffo any one of clains 1 to 8, surface roughness of the press
form ng surface of the die is substantially uniformthroughout the
surface. 10. A nmethod for manufacturing a gl ass substrate for

magnet 5C di sKhe wheghiodl foramahiEscutih@nkglhar blanlgiet iragaétikdisk ssuhidggt ®dclaim 4,
to polishing processjng having machining allowance of 50 p.mor |ess

t o manWhaeiythe heaysigk 45 siyided soethplorment wdtheet erhawsted fremgt semgrabipartien of the
bei ng manufagctured wth the.nethod. for.manufact urin | ass, bl ank, .

For  mebRurt 2 biadbrntiag P dR irsmar Rt ottt Tyfle Mifion 4B during the
et hodpfegd formmf act uring a gl ass substrate for magnetic di sk, wherein

a glass substrate for magnetic disk is manufactured using a gl ass

bl ank for nmagnetic disk, the glass blank being obtained with the

met hod f or ufacturing a glass blank for netic disk according to
any oné of g% gq Habethogt r %r_lanugacturing a gf.ellss Llank r}oﬂrgrnagnetic disk according to %ny one of
claims 1 to 5, wherein in the forming process, the falling lump of molten glass is press-formed

using the pair of dies from a direction orthogonal to the falling direction.

7. The method for manufacturing a glass blank for magnetic disk according to any one of
claims 1 to 6, wherein in the forming process, press forming is performed so that the temperature of

the press forming surface of the pair of dies is substantially the same.

8. The method for manufacturing a glass blank for magnetic disk according to any one of
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12. A method for manufacturing a glass blank for magnetic disk, the

met hod conprising a form ng process of press-formng a |unp of nolten
glass using a pair of dies to obtain a sheet glass material, wherein

in the form ng process, press forming is perforned while tenperature

of t heclamst érfogl.agkerpis therthemndl edpawsiarhaeetioiont pigl (ARECetood0q°heohrpl glags blank

I i.s -1 d | int |od ipg th iod of ti
n’ whi SReRCeFeR opdta <78 Sanmiea TRoa g0 % anci Lo point

(Tg) to a strain point. 13. A nethod for nmanufacturing a gl ass bl ank

for magnetic disk, the nmethod conprising a form ng process of

pr ess-9.or m nbheamethod fof nmhifaeturigh as glasssbhiagk domp@agnedt: diskesccoalinht@bmy ane of
sheet glass material, wherein in the form ng process, Eress form ng

i s perflaimel 8 pafacsorngyessapbthsf pressefonpingenirgre o thesdig gh splstangiglly uniform
d:,ll‘i ngghggu%gﬁtrthggmgceti me in which the nolten glass is cool _ed froma
glass transition point to a strain point so as to reduce in-plane

strain generated when the nolten glass lunp is solidified into a

sheet gl ass blank. 14. A nethod for nmanufacturing a glass blank for
magnet i€ di sk mathidfor mmpbtrdesing af glassi snystri8e foqpmoagastic difk.prleseinfaogladsrigank for
a lunp of nolten glass using a pair of dies to obtain _sheet g|ass

bl ank, MAARSHS disk 1§ Sphigcted ihp phpiegrecessing hayag rechinig Jlowsess & Frorm or less to
W.h' le ﬁl%ﬁt!]fa@tgrer Q:T%asgf uﬁag't?atg%lt il &%t?cs diskSt %OgltagsoHaﬁlg b%f}x tHﬁI&ui@ctured with the
differénce In tenperature on a sarface of the molten g Rs S uring

pressi p@thel fbﬂ@aﬁtﬁhét&ﬂn?i glass blenk R ue@detic diSk actbRlinElhd chebf claims 1 to 9.
manuf acturing a gl ass blank for magnetic di sk according to any one of
claims 12 to 14, wherein press formng is performed while the cooling

t th | t | i trall ed t hat di.ff j
{emper dhur e Bl fr RibRerie Tderanogtus Siradralic 08k Wi eig: g substate

peri odeQf 11 I £ i I Joi@f o di te .. :
The mefhodyore Bk PR R o o TPE LR ofPr PRERSRPERE, fie siastblank being
accor dohginkd vamythenettol fol @bndadidriia $hss bk &irmdghetiddisit asbotdigg to any one of
process, press formng is perforned while the cooling rate of the

nol t enclgimsktd % controlled so that a difference in tenperature on a
surface of the nolten glass is reduced during the period of tine in

whi ch the tenperature of the nolten glass noves froma gl ass

transi§50n pRi Akthbd $br FAndaslufifl A HR41aM0 fhCmBERSE! dk, Yhe bnJMEdrBRising a
glass. 17. The nmethod for manufacturing a glass blank for nmagnetic

di sk atmormh pgctse odpyesoiimnofg € hanpref hdlteroglhés usmpes painof diet treolftainr shget glass
process, the falling |u of nolten glass is press-forned using the

pair ofnatfrel VhgrinaiNgihe detmigs BPEsO IR forging s ?%fqrinﬁﬁ ke teninsrpture of the

18. Th fo i NG I nEt.j i Sk :
2ccor diiSDes & € SRRl 36 it cByft BhES o A0l Btor BIAG T LheMor tess in he
Processeridtl &ssng O PeAbd o tinRr thoxmell thinbRed eRBLIsaolcd fBfm a RERSFnsition point
form ng surface of the die during pressing of the nolten glass is

kept s(bsttantsirainippinini fon-n. 19. The method for manufacturing a

gl ass blank for nagnetic disk according to any one of clains 12 to

18, wherein in the form ng process, press formng is perforned so

that t era 1.N -8, i fo
subst ant ol | Tend B RLESRCLANE  BaS bl Foalic S e method compprising a
manuf agdritihg prodeyloipsesbif@nking alumpgnibiten glaskusigeo pali bHdieo tashtainesheét glass
clains 12 to 19, wherein the tenperature of the pair of dies is kept

| ower ntaganial heheppiasi the dagnine aogrss.neregsTymate tsheerfopmed whleagneligg rhiggoet the
the period of tinme | ich the glass. blank starts to contact and.is
separ anistien Blast isenhuct dbhe b pdh Rt PorTiB s sty FEeogglor o elas

bl ank ftl@ﬁsiﬁ@gggitni o JisiKindhR & Aid RaBYirdNEnOir&h %]bﬁ@"rat?eg W#iRn4fle molten glass
wherein the formng process is perfornmed using a nolten glass having

a gl as sty arseiitlified iggoiashedt Ehks bitanl6O0C or hi gher.

14. A method for manufacturing a glass blank for magnetic disk, which includes a forming
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22. A nmethod for manufacturing a glass blank for magnetic disk, the

met hod conprising a form ng process of press-formng a |unp of nolten
glass using a pair of dies to obtain a sheet glass material, wherein

in the form ng process, press formng is perfornmed while tenperature

of t heproedss e pysadermiisg adnmpott] weltenoglasrarsiegia frateofhes toeahtainfshedieglass blank,

& S ccoRNIB i deoRTing oo TREH I O RO GRIEFOONE TP ERs BT e goss i

of t hecdﬁ'ﬂj_o'fl?d] sc%%@?ez df‘nf‘%{@gg lilf%?‘fpre% ofaB%Frakd @ﬂﬁia flo®n %’s@&uﬁr% @'Ssrsing of the

strain poin manuf acturing a gl ass substrat
magnet melteh glkss inkeiueed) a gl ass substrate for nagnetic disk is
manuf actured wi t hout perform ng annealing treatnent using a gl ass
bl ank for magnetic disk, the glass blank being obtained with the

met hod, f or nuf actyri ng a gl ass bl ank for netic di.sk according to
any onbvof ol b wempd fpphsdulicBine & Bt bt B PGRse i agEtng Wy One of
whi ch yiginabiatnef widéinhes TBHNad if peridraRE fAGidht REo B OlAS St BHBSI IRt Bass is
for magnetic di sk according to claim 23, wherein the glass transition

poi nt ¢ongplled s GACa diffdierglaen temRbaturk oveaysetace ofl ilwkmelincdiadssSs reduced during the
manuf act ured using the glass substrate for magnetic di sk which is

obt ai nediafi A hingie Whithibg reiof figs Glose pugd sspgrate gl ass substrate for
magneti c di sk according to claim23.

16. The method for manufacturing a glass blank for magnetic disk according to any one of
claims 12 to 15, wherein in the forming process, press forming is performed while the cooling rate
of the molten glass is controlled so that a difference in temperature on a surface of the molten glass
is reduced during the period of time in which the temperature of the molten glass moves from a

glass transition point (Tg) to a strain point while pressing of the molten glass.

17. The method for manufacturing a glass blank for magnetic disk according to any one of
claims 12 to 16, wherein in the forming process, the falling lump of molten glass is press-formed

using the pair of dies from a direction orthogonal to the falling direction.

18. The method for manufacturing a glass blank for magnetic disk according to any one of
claims 12 to 17, wherein in the forming process, press forming is performed while temperature of a

press forming surface of the die during pressing of the molten glass is kept substantially uniform.

19. The method for manufacturing a glass blank for magnetic disk according to any one of
claims 12 to 18, wherein in the forming process, press forming is performed so that temperature of a

press forming surface of the die is substantially identical between the pair of dies.

20. The method for manufacturing a glass blank for magnetic disk according to any one of
claims 12 to 19, wherein the temperature of the pair of dies is kept lower than the glass transition
point (Tg) of the molten glass during the period of time in which the glass blank starts to contact

and is separated from the die.
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21. The method for manufacturing a glass blank for magnetic disk according to any one of
claims 12 to 20, wherein the forming process is performed using a molten glass having a glass

transition point (Tg) of 600°C or higher.

22, A method for manufacturing a glass blank for magnetic disk, the method comprising a
forming process of press-forming a lump of molten glass using a pair of dies to obtain a sheet glass
material, wherein in the forming process, press forming is performed while temperature of the
molten glass is controlled so that surface waviness of the sheet glass material is 30 nm or less and
the cooling rate is -10 *C/second or less during the period of time in which the temperature of the

molten glass is cooled from a glass transition point to a strain point

23. A method for manufacturing a glass substrate for magnetic disk, wherein a glass substrate
for magnetic disk is manufactured without performing annealing treatment using a glass blank for
magnetic disk, the glass blank being obtained with the method for manufacturing a glass blank for

magnetic disk according to any one of claims 12 to 22.

24, A glass substrate for magnetic disk, which 1s obtained with the method for manufacturing a
glass substrate for magnetic disk according to claim 23, wherein the glass transition point (Tg) is

600°C or higher.

25. A magnetic disk which is manufactured using the glass substrate for magnetic disk which
1s obtained with the method for manufacturing a glass substrate for magnetic disk according to

claim 23.
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